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Be it known that the inventcn listed above have inveDted a certain new and useful 
inventicm with the title shown above of which the following is a specification. 



ISOLATION OP MESENCHYMAL STEM CELLS FROM ADIPOSE TISSUE 



INTRODUCTION 
ainical Need 

Emerging tissue Mgineering strategies represent a promising and innovative sohxdoa 
to many clfancal challenges. This is especially true for many of the soft tissue defteis 
encounued by plastic and reconstiucdve surgeons. The evenoial development of tissue 
cngmeend fat equivalents for reconscrucdve and augmentation purposes will be most 
welcomed (V ne^ every surgical discipline and prove to be espeda&y useful for nlastic 
surgeons. The clinical applicadons for which tissue engineered fitt wiU be partirala£r 
uscfulaiB vast and varied and can be loosely categorized into reconstnicOveVcasmette, 
correctiye and orthotic indications. 

Reconstmcth^ chalteages potentially benefiting from a soft dssoe equivalent «>r^v4 r 
1) cmgenital malfoimations such as hemifacial msoosooua and Polaiid^a syndrome. 2) 
com^ ttaniMat ic wounds involving soft tissue defidta* 3) pressure sores and 4) 
mologic rese c tion defects such as parotidectomies and mastectomies. For perspective, 
°»gj^yeover SO^OOObreast reconstructions per fo r m ed in 1997, up 70% fiom fiw years 
agp.lS8] From a cosmeKcperqiective, the potential use of engineered soft tisstae implants 
isjnstas boundless and indndes — hot la not limited i> au gm^tf ^ p^CTdmrs for 
breast, Itps, chin, cheeks, etc.^ pp rejuvenation inocedures to **fiIl*our wrnikles of tiM 
3)^rV»nous.-nbt^^ procedures. Jn 1997, oVcr 

120,(JW breast augmeuatioft proce^^ in the U.S. (im nearly 300%- 

fiom five yous ago) and over 60,00& ftcelifis performed.[S8] Correctional uses for 
fyog ci^ fat tissue equivalema nd^ inchide 'disotdera' such as stress urinary 
mconnnenoe (SUI) or vocal cord insufficiency in which a stable, loiig-lasting "bolking 
agnir is required. Hnally. engineered soft tissue constructs midil prove usefiil fog 
vmous ort/uatc-telaitd ^licaCitms m which ncxmalfy-present soft ^les have atroidned 
and additional 'padding* or cushioning is needed (such as ttiebaU or hed of tfie aged foooT 
Current Opdona^ 

Standard approaches to soft tissue reconstruction current^ include the use of various 
local^iegional and finee mkrovascular flaps. AO of these optioos are •t^ftriafffd to some 
degree with operative risk, rerhnical difficult, cosdy operative time, hospital stay. 
a sso c iated costs and donor site morbidity. Ahemative q^iroaches to soft tissue 
reconstruction and augmentation have traditionally inchxded alloplastie and allogeneic 
prodiKts such as teflon paste, silicone implants and bovine collagen. More recent options 
uudude autologous injectable cdlagea and demial aUograft scaffolds. of tixse 

methods, however, is associaied wiA ceitain drawbacks. Alloplastie materials aie wbject 
to potential migration and associated witii fmeign body reactions, allergic reactions and 
extrusion. AUogeneic materials also include risks of altergic reactions and infection 
cransnussion and ultimately fiul to integ 

tun^ Newer ^»{aoaches that involve autologous tissues minimize or overcome i«<F"if such 
as disease transnussion and ixnmunogenicity, but still often require mgitwyte and repealed 
therapies due to implant resotption. 

Autologous Fat Transplantation 

Witii die ideal goal being the "placement of like with like^ autologous fta transfer 
represents a logical approach to soft tissue reconstruction and cnbancemenL Despite over a 
ccDtuiy of efforts, however, successful firce fat tran^lantation remains an ehisrve dinical 
endeavOT. Clinically, most autologous fat transfer is characterized by the graihiai but 
imminent resorption of transplanted far over time. In the minority of cases in wtiich long* 
term survival has been doctmiented, issues of prMlictaUli^ and reptodudbility lenuun 
obstacles that prevent more widespread ctinical use. Nevertheless, inteiest in autologous 



nowever. me luiuunKntai objecbves of predictability, np,6Jueibmt, and Umg^m 
effieaey lemain significant obstacles to the widespread "'•'^nrft of antoloBOttt fat 
transplantauoa The emergiiig discipline of tissue engineering represents an Imovative 
scientific approach to addi^ing these important usanT 

Tissue Engfncering Strategics 

llK ftitare of tissw repair and eabanoBme^ 
guMedMi^tatian of developmental biology, b essence, tissue engineering will soon 

• gdd w i chn i qu fsdMt enable the r^v/generation of various tissues usinf cell-based h^t««»« 
fabncated ex vivo as well as stiate^ diat exploit die innate developSienial plasti^ of a 
£^4?" Jte. For exanmle. it Is quUe likely ditt oany ioqdana of tte ^nm^Su be 
»bncated unng cells iscdated fiom a person's own dssae (harvested via miniinallv-invasive 
^ liposacttrntechnit^ues). Some of dwse isolated cells wiU be banked tef^ 

13 rest wUl be gfojwmcnloire to increase djeirnunibeia. WMIe in eulture. die S raw be 

; ' - S?*:? S^fSSLSSS"'^ ^""^^ ^l*"**' UWnuiely. the ceOs wiU be^^ 
f^^^iiii^j^&^^^^iits^ polymer scaffold of amowialB size^ aikl^Tsbai)^ alona widi 

. :i - • m^torted bade uto die patfeni/cea-doncv at die aplKOptuSB dine^n AUeraatlvely. tissue 

^ growdi and regeneiadon mqr be induced via die site-spedfi^ deiivdy of potent bioaedve 

TJ facton diat mfluoce die growdi and development ^ situ progSitOf^ttmcStetaa 

ly «P«»fi=niamier4SeeFigurel} AWioughdiese scenarios see^ 

. advances m developmental biology (espedalW in die identificadoa and pu^iadm^ 

I* extraceUukv ma^ compounds axid Uoactive fiictMs) have established a sdU fbundadon 

a for achieymg diese ^oals. In addition, tecbniquea of ceO culnire. wSwooToe! 

nj niamoularion a^ genenc engineering have reached a level of sophistication to& diat lendbi 

,fl palpabie credibAqr to diese evenuai accomplisbments. Rastic suneiy and olastic 

^ utdtmonofsndiassue engineered dienpies of nnonow. 

^ EMERGING TISSUE ENGINEERING STRATEGIES FOR FAT 

h^^^!![?i.^J!!S^L^'* ^ cartilage, relativdy fitde effort has 

been duected toward die ossue engueeiuig of fat. In ftct. it u ftir lo say diat most 

sS^^wiL??^ «s no doubt that significant unpioveaiencs in fat giBfting%^ require a 
better imderstanding of adipose tissue on a celhilar and ^NbeOits^^ooab 
tissue IS engueoed ex vivo as autologous ceU-based implants or induced in situ, flicKsic 
^^J!,^!^,^^^^^?^ ?4 ftindamental tools of tissue engineering will apply. 
The common theme of each of these apptoaches remains die controlled devekv^ial 
_ mamoulation of adipo-derived cells inTWay diat strives to recapiaJ^f^lurSS^ 
dnelopment In oUier words, the most logical means to generate or rrv>»8enerale addSioinl 
adipose ossue for reconstrrotive or cosmetic purposes is to mimie as best possible die 
events of namnddevelopinent. The potential to do so is becoming more and more real as 
die frontieis of developmental biology explode. 

The discussion of adipose tissue engineering diat follows is organized into four 
secaons that correspond to die main elements Uiat wiU be integral to die successful 
devekipment of autologous, cell-based fit implants. These key elements incbide: 1) 
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autologous cdl harvest^imcuxemeot. 2) cell growth and differefitiadoii, 3) cdl im^aotatica 
and engraftmenc, and 4) in^lant integratioa and histogenesis. 

Procurement of Autologooe Cells 

It is inmitiYe that one*s own (autologous) tissues are die ideal source of cells for dssuo 
engineering. Using cells from anodier petson would cequire similar inununosuppiessive 
medicadons necessary for organ transplantation and cany ail the expense and risks 
associated witfi such. Mmover, cridcal dioitages of most human tissues and organs 
severely liinit d» practioe of such statenrf-die-axt medical theruues. Unfortunately 
autologous dssues are also hard to obtain. Most cannot be obtained widiout invaaivo 
procemires andA>r are not cjcpendable in amouats necessary to make ftitun tissue 
engineering stiaiegws pracdcaL Fat tissue, however, is die exoeptioo. In fiict, fat is aa 
idnUouBfiofautolopros cells for tissue engineering strategies to several reasons. 

Firat,fitttissueisaftiiAd!aiUinbothsociety and in the average Individ According 
to a 199S report by die Instioite of Medicme, oe^ 60% of d» adult population in^e 
United States meeu the current definition (tf clinical oberi^.[ldi) Second, adipose tissue is 
uniquely mxpmndabU. Nearly everycme has enou^ subcutaneous adipose tissue id 
' donate generous amounts for autologous tiien^ries witiiout any $ignifirant biolp^cal or 

^ anatomical consequences. In fact, a great many people wouU like nothing better dian to 

g '^iopa^ ^ma^,^^ The same u not true for odier con«winly .use*^ ^.^i:^.^^ 

I* sourc^ pCpitologwSi tiss^^jraj^^ nmtow, blood and skim Third, fi^^^;wb^x^^mr^^m^ i 

I J regenerauoo.^ Adipose tissue is histmically perceived as a staiie collectioo of engmgedr - 

|g Upid-filledadtpo^rtesttiat have hyperoophicbm OCA hypoplastic 

ijl a mprismglyactive and dynamic tissue composed of several difibrem cell types including 

iV adipocytes, fibroblasts, smoodi muscle cells, pericytes, endnthrKal cells simI perhaps most 

P s unpoctttU to tmue engineering, adipogenic progenitor cells, or preadipocyus. tonally, 
fa cooqnred to other structural tissues fat tissue is extraordinarily easy io obtain in larae 

g (quantities usbig die minirnaUy-invasivetechniouM During die two decaite 

smoe Its mtroducuoo, liposuctiim has continually grown in popnlarfty due in part to refined 
«fl t f r hfiiqi ici i and mstt um r jii a flnn xhu make it safer and mm reliable^ Today, it ia die most 

^ perfcmnd aestheuc operatim in die world.(S8, 62] And while Iqiosuction was originally 

.A mtended ftir die removal of unwanted fet rig^w. ««H ctiit |irpA%fiP|^ofP>|y utiliTgd aj jurfu tt 

is also an excellent way to harvest autologous tissue for subsequent tisme engineering use. 

It was once thought by many diat tissue obtained via liposuction was rendered 
nonviable due to the tnouna inherent in the suction process. It has subscaquendy been 
shownby our lab arid others that diis is sirnply not die case.p7, 39] Our studies confirm 
the viaUlxty of significam populations of mature adipocytes and jamfipocytes (as well as 
octer cells in die stromal fraction such as fibrcAslasts, srooodi muscle ceils and endodielial 
cells) m Uposucuon-harvcsted human adipose tissue.(mamiscnpt in progress) Even more, 
w^ have been able to successfuUy culture expand such Upo4iarvestedp^^ as well 

as uiduce dieir differentiation in vitxow(See Figure 2 and 

TIrjue Dissociation 

The isolatim and culnire of specific ceUs from liposuctioned ftt tissue first requires 
diat die '^w*' tissue effluent be washed and separated (i.e. dissociated) into its ^^ 1" ' ^ 
components. Metbocb currentty used for tissue dissodatioo are tedious, tine consuming, 
labor intendve,sid>ject to contamination and geim In 
addition, liposuctioned tissue presents two unique challenges to (his process: volume 
aod viscosity. In order to- overcome die trrhniral challenges associated with die 
<tissociation of large liposuction volumes, our lab has designed a novel device for die 
expedient filttauon, cleansing and dissociation of large volumes ( 100ml- lOOtaiis) of 
human hposuctioned tissue. The ultimate purpose of diis device is to make die production- 
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scale isolation of cells from raw liposuctioa efOuent practical and efficient A nH^onzed 
prototype of this device has been fabiicated cramlete with a heat souice for opdmal 
enzymatic dis8ociation.{SeeHgure 4} The device design aUows for the direct tranter of 
harvested tmue from fringe to As a single, self-sufficient 

unit. It enablu the efficient processing (filtration, cleansing and diasodatioii) of raw 
liposuctioned dssue in an enclosed, stetile environment Af present, flds device is only <tf 
use in our laboratoiy lesearch efforts, bat may some day be of use in a cimcal or 
commercial setting. 

CeU Growth and DifTereattatioii 

CuiTOit methods of fitttraiuplantadon usually involve fragments of intact dssue 
so as lojnummacdl death from i^ thought that sin^ cells may prove even 
more ^Bcnve m mis setting berame they are mom mcely to survive die inttial ischemic 
oenod bv snxmle diflhsion than nteMA a# mtiw^ ttMn» iMw^g Imm* ••»«tt ■ 



constructs. As alluded to earlier, preadipocytes are now known to exist in £e ^rmud- 
'^^^'^^^^^^^^ smoodi mosde cella, fibroblasta, «iHof iii.|}oi 

m cella and others. Given their smalter size and their ladc of intra^toplasmic lipid. 

u\ preadipocytes seem to be aUe to tolerate the mrrhaniral nuuma and assodatS 

□ wiA h arvest am i inyiantadonbener than more ftagi^ Ihaddidm, 

««a:?P'^cpnditions preadipon^ are able. t^^ and Axn^^^^ ^f^ ii^o 

^m^- S?r mature, limd^synthesizmg andlha**a^^ 45^ 54^6j 

|f^^ - IV capaffiW; it is hyppdi»^ preadipocyt«)aW^L^^ 

^ wiU be able to survive unplantation welT aji/eatiailisran equflibiiumof cell umiovwtfM 

fX) permits optnnai host integration and long-tenn vohmw (i.e. contour) ip«^mfmanfg. 

Preadipocy/uResmthModds 

pe ^eat m^ty of worlc relating to the ceDular and molecular "ii>t^h«niCTm of 
g preadipocyte growth and di£feientiati<m has been done (and still is) using cell lines or 

III piimaty cells denved from animala. Only a small amount of wodc haa been done using 

•0 P7™fy*f2^ Geo lines often used indude STS. 

*0 LI, Jr3-F422^0bl7 and others. In geneial, ceU lines are diought tt> represent a slighdy 

^ S5f?;S?l!i^^ adipogenic precursor cells derived from primary tissues. 

Cdl hnes have tte advamage of bemg ckmaUy derived and are dierefore a defined. 

homo^notis pqpulanon of cells presumably at the same stage of differentiation. On the 

• other hand, cultures derived from primaiy dssues contain'cells at varyina stasea of 
develo pment. While this is not as sdendficaUy controlled as ceU lino. It mobaUy 
represents a tnore accurate reflection of thg nMmal in viv^ emHitf ^ [A] ^ 

Oi^of die most cominon aniin^ 
"^r, P^^P^ ™ widespread use of this source, however, one nam wonder what 
sunJanties. if any. m epididymal imadipocytes have to piead^ocytes derived from human 
uibcutaneous fat. This is worth consideration for several reasons. First, subcutaneous fsa 
IS the most likelv source of i«adipocytes for tissue engineering strategies for fat Second, 
mMtcngmeeredconsttucts WiU ultimately be used for indications diat mvolve placement in 
subcutoneous sites. And last, as previously mentioned, human &t is unemaled in its 
avadaW^ and is dictefbre readily obtainable for research purposes. If intends to 
wtaic With immaxy prcalipocytc cell populations, it somehow seems inefBcient not to take 
advantage ofsuch a unique dssue supply. The only drawback, of coune, is if an animal 
model IS m be used for in vivo smdies. In diis situation, human cells lequire the use of an 
mununocompromisrf animal model (e.g. adiymk mice) to avoid rejection phenomenon. 
Many would argue that such a model is not an acceptable autologous transplantation model 
But u It any more skewed than an autologous xnodd diat involves ceUs &om rat epidklymal 
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fiat? These issues are endlessly debatable. In the long-nm, k win likely be necessary to 
acciue data m both types of animal models prior to the initiation of human clinicai trials. 

Preadipocyt€ Growth 

One impoitant lactxsr to consider for en vivo oell-lMsed implants win be the efficiett 
cxpanaonrf p in culture. In the 19708, two difieient soidies demonstrated 

clear biochemical and developmental differences between tbe Gbroblast-like loeadiDocvtea 
iiSi^^^^^Sl?^"**^*"** of dermi8,[43. 541 Since then, much work has^endow to 
delmeaie tbe etlect of vanous bioactivB factots on pieadipocyie firowih. Because diese 

^a^S^i^^'l "^i^fSJ^ employed di£rent culture methods, 

duect comparison of resola is difiBcuh and sometimes leads to contradictocy conclusions 
^ 8?^T' factofs dutt have been shown to have a positive effect on neadipocyte 

jHobferatioo m vitro mchide die insuUn-like growth fi^tor (lOF) family, fihroUast 
giowdi factors (FGFX ttansformiog growA factor fi (TOFp), epidermal growth tatiUx 
(EGi0.ptoelei^ved growth fccw(PI» Though comradktoiy 

r^ltt exist, several studies have interestingly shown diat preadqpocytes fiom massively 

?TS^-.^^^f * ff'^^ » prcad^ocytes fkom km 

ii^(bi^9.l39, 47] This observation was flvther correlaiBd to an umsed piodu^onor 
^^.^^^ f!P^^ ^ piead^ocyies ftom obese soun:es.(SO] CNyviously, die 
P55^^3?SI?S^tPM%|a^^ pathogenesis of some fotms of oboi^ras^tfai^: 

'iS?^*^??*^????^^^*^ in die obesity and endociint^aiy liie^^ 

^'^^^TS'^F^S stanchioini, die study of fseadipocytes from paUb^sBcai'aadi^m 
yield valuable new insi^ into die ma ntpp; y, tf^ of ^normal' ceils. - - r- - ^ 

Th^AdBpogenicLmeagm 

. . -.A* racationcd before, a thorough understandhig of, and abiii^ to control ineadipocyte 
diftoenti^nwill be integral to developing techniques for tbe legeneratioir of adipose 
ossue. EmbivologicaUy, adipose tissue originates from die mesodermal layer 5a 
devdopmg emteyo. Nfaiqr beheve diat adipocytes derive from a muldpotendal stem cett 
tbar can alsogive nse to progenitor cells of bone, muscle, cartUage and odier mesodexmal 
&ssues.[5] The earliest unipotentialcen believed to belong to die Mfipoggnig \it^f m y> 
has bera tenned the adipobUut and is diougfat to derive fiom mesodermal ston^lls. 
Adipoblasts, in turn, can commit to -die adipogenic lineage and become pieadfaxicytes. 
When subjected to a pennissible microHnilieu, pieadipocytes can undergo di^lm&s^aa 
mxo mamre, lipid syndiesizing and lipid-storing adqx>cytes.(See Figure 5) While it is 
known that preadipocytes at various developmmtal stages exi^ within the pexi phei al fat 
di»M of humans, it remains unclear as to wfaedier mesodermal stem ce£iind/or 
adipoblasts exist m peri|dieral tissws of adults. A more diorough delineation of die 
deyeloptncntal cwade sum m a ri zed above - especiaUy as it pertains to die in vivo cooditioa 
- IS brmted by die fea dua no stage*q>ecific/cell-speciac (e.g. stem cell, adrpoUas^ 
preadip^yte) ceP-surface marlcers cimently exigt aUowingJ^ i^^riflnttjon wmmiim 
of specific subpopulations prior to enzymatig and mogphologie rhangg g 

Preadipocyte Differattiatiim 

..^ . established diat preadipocyte i»oiiferation and preadmocyte 

differentiation are inversely related. Based on in vitro work, it seems diat pieadipocytes 
must undergo growth arrest (not necessarily contact inhibition) in otder to undergo 
diffcremiation. Wor to obvious morphological changes (Le. die 'wv^^ih^n of 
intmytoplaOTuc hpid) preadipocytes are 'detected* by die expression of various early 
m^te« (LPU FA transport), inieraaediaie markers (FAS, HSL, aP2, GPAT. ACC and 
GTOH) and late noarkers (ACBP. lepdn, adipsin).{Sce Figure 5} Because most scnims 
used m culture medias seem to have a net positive mitogenic effea on cuhuied 



pieadiMCTtes, they also seem ttjinlubitadipog In the late 80s. Deslexetal 

repoited the use of a Kiym-frw adipogenic media Out stimulated increased adipogenie 
conversion of cultured stromal cell culnires compared to many eaifier snic£s.ri01 
Subse<iueat mo^&ation of this cultore system by Hauner el aL demonstrated that the 
differennauon of human preadipoqftes in vitio is enhanced by the combined presence of 
glucocomooids and msuUn.(21. 24] Adipogenic induction u notably less when either 
substance is used alone. In addition to insulin and glucoconicoids. elevaied levels of 
cAMP tave also been shows to conelate with increased rates of pieadtpocytB 
diaeienuaQcMi.^On the other hand, factors that seem to have a neaath« eCEea on 
preadipocytB ddSorentiaiioa • either by tnhibitii« adipogoiic indmioo Stogetber or by 



mnrnhtting deltpidation of differentiaiBd cells • indude TNFa, EOF, TOFB. enMdiii-l 
andotheis.(22.23.43.44.53] H.«iu«Hwm-i 
Not sufpiisiogiy, the in vivo control of admogenesis win prove lo be br mm 

^ttgiett- f^ODB,allfitlsNOTthesam*. Therearenow 
documented diBerencea m the growtfi and dMferentiarioo of fat cells derived from differrm 
adipose tiasno^^s4l4. iS, 20, 25] A more recem snidy demonstiaies thtt human 
preadipocytes nimi difRsrem sites of ttm same individual respond diffeiently id a suecific 
adlygMic somulus on » mot^^a^f Iml.f^ 1 Further work a&ng diese lines may etuddiM 
'c^dmal harvest sues for pceadipoeyte-related tissue engineering goals, if any such sites 
exist* 



^ SLSt ^ jfaj^ ^^^W^^^iai^ has been dedicated to the 
tnoconmcai c^racfienzaticm <tf jirubciip^ the effects of nmiy^mn Uoactive 

protons and homiones on thek growth and differentiation. In otdet xp enable the 
devel(^Hn«t of refined techniqaes for the taifcted manipnlalion of preadipocyte-based 
]nq>]mta, bovver, ic b impmlive to gain a thorough undentanding of rmadipocyta 
mwtii and differentiatiott on a molecular llus, in nun. will evenniaUy lesuU in me 
ability tii engizmr the site-qpecifie (re)gwieration of adipose tissue in a predictable, 
re^oducible and effective manner. To this end, exciting and raind advances are no w being 
made reyriing the molecular m n chan i TOi s underiying adipogenic differentiation. Most of 
mne insists have revolved around die detecdcm of adipose-qpecific genes that become 
diSexmnaily expressed during the adipogenic process. It u now loiown tlut tissue-specific 
gene exfn^on is controlled by transcription factors. Tlssue-spedfic transcripdon factors 
*"J?Sf^Kw?"?*™*T^" ^ efficiently a given gene is expressed »w binding to 
^^^^P^f^^ wiihm the enhancer region of that gene. Hiese actions are dmusttt to 

SevCT Bl tranaeriyton factois that play a cennal role in the comrol of adipogenesis have 
°Q^Jy^ utamfied. One that appears to play a prominent role in the regulation of 
I«^^™P«^ «£wjwttation belongs to the haOy of peroxisome pnlUemtar-actWMUd 
^^^^S^"-!^ ^r** PPARs are members <rf the nucl« receptor subfamily that also 
includes rmptors tor the steroid, diyroid, and retinoid hormones, T ilrs> other transctmtion 
^fS^J^i^^^ to bind to specific DNA sequences ( called PPARi^onsc 
ejements, or PFRE) m die enhancer regions of their target genes. To date« three 

mammalian PPARsubQrpes have been identified: a, pandy. PPARy appears to be 
most specific and integral to adipogenic differentiation. The PPARy gene itself contains 
two promoters that can pttxiuce two slightly different PPARy products* PPARyl and 
PPARt2. Whereas the foaner is expressed at low levels in various tissues, PPARy2 is 
abundandj and sptdficaUy expressed in fee tissue.[Sl. 61] PPARy2*s central role in 



adipogcoesis is reflected by die foa diat while its level is miidinal in preadipocytes. its 
expression increases rignificantty veiy early in the adipogenic differendacum proc^[52] 

Interestingly. PPARy can only recogniie and bind to its targeted DMA ynprnrg t 
(PPREs) when it is coad>faied as a heterodiSKr widi die ledndd X lec^tor (RJ^. Oaoe 

boiuid to die response eleiBent of a gene's enhancer, PPARy is abk to activatB transcription 
of diat gene in Ae presence of a{^iropriatB Uganda. In diis manner. PPARy helps to Sn W'ffl * 
and control adipogenesis by acdvadng die expression of maiiy eazly naea in die 
differeodotioo process, buked, hs activity is so infhiendal diat die forced oipiessioa of 
PPARy in pon-adipocvft^ call lines resultsin aritpogmic di£EBxexdiadon.[S2] 

hi general, when nuclear hormone receptors like PPARybind to dieir spedfie Ufuutm 
dKir DNA bindmg and (ranscxipdanal activitks oicrease sigoificandy. Unttt wem^, 
however, no sdmulatoqrligands of PPARy had been discovered. R is now knoiwn diat 
proscagJandUk of die D and I series am nsinil Ugands for PPARy servfaig to uMaeasB 
acdviQr. and diecBfom ad^ogencsis. For example. 15-de0xy-A12.14-PGJ, Unds Aectly 

^- (o PPARy and promotes efficient adipogenesis in various ptead^ocyie ceD liiies.P2] This 
Q has paved dK way for die search for additional, perhaps better adipogenic sttmnlL Some' 

'l^i^^p^LiqndKtk c^^ hawe already been identi&d tfiat..aet.^pe^6BaIi»tdttana^PPART 
■'mWrB'M bmm Myl'ihBSf^ am aO members of the itdazi^Oaedkaiiiiba^ 
ni^ .:^;:^v;CI^Mnr an excellent rc^ew. see(49D Aldiongii TZ^ m^^B^&^'^^ko^Si 
PPARy leeeptor and adipogenesis is memased by PPARy Hpad^ hi vivo, it remahis an 
121 uoMlvedparadmastowhy dieseagenttdo notresuRmasignifkamuiereasata^ 

ttl adipose masa^whimem animal modds or hnmns. " 

• f JF^ ***?L*'5^E5S" foctefs impHra i e d m adipogene^ are die CCAAT mhamr 

1^ bmOing prottbu (C/EBP) and adipoeytt daermauahn' and dtfferemiatic»-dgpendent 

O factor- J/iterot regulatory eUmen^-UniSng^meM Like PPARy. die 

a OEp Cmiily of DNA bindir^t proteins also indudes at least daee isofotms (oe. P and 5). 

<u While C/EBPs seem to be necessary for ad^ogenie differentiation, di^ alone are oot 

Iq snffident for such. Recent studies support die nation diat OEBPs p and 8 - while not 

speci& to adqwse tissue- are involved in adipogenic inductioi at a stage earlier dian die 
PPARy receptor. K is now known diat die {Homoter region of die PPARy grae has at least 
twoOEBP-bfaidingsites461] Furdieiraore. hormonal induction of C/EBP p and C/EBP 8 
results m dm subsequent expression of PPARy. C/EBPol. on die odier hand, seems to play 
a role m die iMimgMnfife of PPARy expression. While it is oearty undetectdile in 
prea^pocytes. its ex^essimi mcreases notably in die later biases of dififerendation. 
huercstingly.of die dueePPAR isoforms. only PPARy is Ale to hueract widi C/EBPa m 
the indudiaa and m ai ntena n ce of ad^ogenic diffetentiadoo. and ft does so h& a synenistie 
maiiner.p] ' - 

The role of ADD-I/SREBP-1 u adipocyte differeiuiation is also starting to emerge. Jt 
has been known for some time dut ADD- 1/SREBP-I specifically mduees die exptessiott of 
die adipogenic enzymes lipopiclein lipase (LPL) and bay add syndietase (FAS). Just 

recendy; however, it has also been shown to increase the transcriptional acttnty of PPARy 
It does so dirough die generation of eo(togenous ligands.pi] 

In suminsry. studies to date suggest dun die mduction of OEBP 0 and 8 occurs eady 
in adipocyte (fifforeatiation and results ffl die mduction of PPARy. IVARy - m die setting 
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of an ^lopriate milieu (i.e. ligand) - enaUes the differentiation process to proceed by 
acdvating the efficint transcripdon of key genes in the developmental CyEBP0E» 
which is induced relatively later in the adipogMte program mflinrflSiiff »^ ^fyntributca to the 

tenninally differendated state via its synergistic interactions wi^ 

activation of cotain genes).{See Ftgnre 6} A body of knowle^ is now emexmng that 
elegaaay links die adipogeaic effects of vaiioas growdi factors and hormones - siicb as 
Insulin and dexa me t h aso n e- to the specific transcription factors discussed above. 

Implantation and Engraflment 

Gmerat Considtradans 

Implantation tedmiooes for meadipocyte-based fitt constructs wiU likely dnend on die 
<^jectives of an intemkd use. For exan^le, indicaitoos that reouire only small voinn» 
**filler^ eflbcts • sudi as scar revisions, f adal augmentation, or urethral obsmiction f S UI 
- might best be served by an in,^ctahle delivery vehicle so as to enable mirumalfy-lnvaaive 
therapy. On the other hand, ooore cooventionu isqilants will likely be necessary for laigp* 
volume contour enhancement objectives and complex reconstructive challenges. In 
^eoeraL however, it will be in^erative for any engineered cellular oonstraa to be d^vered 
ma maiuer that optinuzes odi survival and mitiates and suppor t s cell engrafting 
J Achteying di^^^^ involve the use of extraceOular mA.jOSCM^^^^i:^^^ 

m jffMC - fayffli i i i ^^^^ In additicm, die inclusion ia-ymaQ9^^s::h^ 

I M wcycttye^fagors^y^ l^ for initiating angiogenras as well as ceB' nimoverr^f.^r .i^rrh^: - 

*^ and cell dinerentiatioo. 

m 

iU Polymer Sa^otds 

c There are currently several syndieticbioscaffoid ^wati^ai^ availahie for testing and use 

!^ and die list is expancfing rapiO^. Few of diese materials, however, are alreadty FDA 

l3 approved (spA as p^^ The ideal properties of a given 

!\l scafifold/detavery material would include die fbllowmg: biocompatibil^, luodegradaUlity, 

ijO anienabiUty to growth factor Ihikage and delivery, ease of production and e^ To 

date, only a limited amount of work has been drae pertaining to biomaterial scaflbld 
ija suprort of prcadipocytes.' Patrick ct aL lave demonstrated die potential use of FLOA 

scaffolds for preadipocyte-based instants. More specifically, their worlc demonstrates that 
PLG A scaffolds can supp(M*d)e growdi and differentiation of rat qiidi^^^mal preadipocytes 
both in vitro and in vivo.[41] Others have deinonstrated the potential use of calchim 
ftginy as a bimiairix for preadipocyts delivery.(46| Obviously, dus remains an 
onportaiu and fertile area of investigation, espedallty as more tissue-specific Uomtferiab 
are developed. 

Extracellular Matrix 

ECM proteins represent both a complimentary and ahrasative approach to ceO support 
and delivery. It is now well established dutt die extracellular environment is central to the 
oonttol of cell growth, migratioti, dififeientiation, morphology aood functitm. For instance, 
an utfact basement membrane is esseniial for die proper ftmction, morptology and 
diflerentiation of various cells.[2, 59] The normal basemem membrane of white adipose 
tissue is composed primarily of type IV Collagen and laininin.(19] Interestingly, 
preadipocytes diemselves syntiiesize various types of collagen (VI, I, m) dqmding on 
their stage of difirerentiation.[91 In fact, at least one study suggests diat collagen synthesis 
is an essential autocrine signal for the terminal difierentiation of preadipocytes.[29] It has 
been posoilated diat collagen exerts an mfluence on die expression of late devetopmental 
markers dirough die bindmg of ^edfic ceUuiar adhesion niolecuh»<e<g- integrins). In a 



similar fashion, it is known thai certain ECM compoaems n in a pancrine-cype aecdns 
u « Vananch « al. have demonstrated that BCM componenis smedby 

endothelial cells stimnlate preadipocyta difBerentiaiian in vitre,r571 CgSalTorh^ ^imiS. 
mtenctions exist but have noi yet been etucidaiBd. /. »uni«r 

OivmteinqMmamiole of the ECM on ceUular development an^ logical 
tDeuriott such factors in tissue engineering strate^pea asenqyting to ^rmw^, ^ ncSnl 
cowbttcm. For example, basement mctnhrane extract firoxn Eng^lbietb*HoIm-Swarm tumor 
(EHS S^)aaoumneiciaUy a»^^ 

and lammin. EHS gd has been shown to support the in vitn>gn>wth of bom pieadino^^ 
omf mature adipocytes.(26, 28, 36) In add-on, when coml^ with hFGP. ftia abb to 
mdooejwth ugiogenm and adipofenesia in an animal model.(30, 40] To our 
k nowledg e^ however, no work baa been done evahntbg the infliMtKse of bas e o gnt 
"y™™^ components specifically on human preadipocyta growth and differentiation in 
ja viva Our lab is cunently engand m several eneiimenrs simed at evabiating 
V?*'*5i??** Because EHS gel has m&uethennogcnsittvc uio ti enka * whecebvlttt 
a liquid « 4*C but solidifies at bo^ 

an espeeuJly appealing model fbrminiinally.invum 




the t^of cndodiBlial ceQs to aifipocyies i* v^ bulky «««« - 

* iherefcwhinitrfiiumter-of a^^ 

tji I» addition. It IS now clear that adOi^ 

ill <4fi»nucrolem the plqrsiology of energy balam 

H tumor necrosis factor alpha (TNFa), kpUn, adipsin, plasminogen activator inhibitor, 

:^ angioc emino gM and pnrtMtf>ly others that have not yet been identil^ 

^3 ^t^K^iiuttemftanixeof the histogenesis of fetal adipose dss^ 

jy icmporalrd^^ TWscpSmdent 

.f) relatlonsfam IS underscored by die historical desciipcmn of pdmordial adipose umla 

,1] prvmavrnfii organs. While it is agreed diac an estaldished blood suf^Iy is required for 

^0 ad^Qse tissue growth, it seems to be a depot dependent matter as to whether vascular 

devetopnent {Hecedes adipocyte dcvek^mem ot vice versa.[27] This is espedaOy 
mtngumg given the fact that adqyose tissue dqx>ts are distmct fimn one anodier based on 
blood vessel morphology and capillary density.[8] 

Inaddirionto 

meir moUieraUve and diflbentiative c^iabihtes, however, pread^pocyuj themselves have 
been show n to be angiogenic This is y^ another quali^ ttutt makes preadfeocytes uleal f or 
ccU-bascd approaches to fiic tissue engineering. Given the relatmnship between 
adrpogenesis and angiogenesis during ernbryonic development, it is not snrprisms that the 
rnannnon of a vascular bed in adipose tissue is tightly contacted to bodi £e number and 
^^f^^^ix^ooaimg preadipocytes.[6] Several studies have begun to elucidate in moie 
^^?L « i^^^Jf^ interactions that exist between preadipocyces and microvascular 
mdothellai cclls.[33-35] For exzmplt. the novel angiogenic fiactor monobutyrin (1- 
butyryl^^ly^^ is secreted by differentiating prcadipocytes. This compound has been 
shown to mduce endothelial cell i»oliferation and migratioa in vitro.rill Claffey et al. 
have also demonsttared that vascular endothelial growth fector (VEGF) secretion is 
umgi^atol during adipogenesis.[6] VEGF has potent ndtode acttvity toward endothelial 
cells. Lastly, several studies implicate bFGF • a known angiogenic and mitogenic growth 
fmMe • as a key factor in adipose-related angiogenesis and differentiation.(12, 13, 30J 
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Implant Integratloa and HlstogcBcsto 

Central Consuleradons 



TTie true maik of success for a tissue engineeied therapy wiU be its ability to 
scemkssly iniegnue izuo the host reckrient site for an extendi period of time. TUa 
objecave, m ton. conelates to the techiucal challenges of predictabtlV. leptoductUlity and 
long-tenn efficacy. Aner in^lauaiiiai and successftd neovascnlatizaticni, a cell-based 

Ottof the lecqnent site. M exaae9ii]ibriQm<tf tissue homeostasis wilfbeextraoidinaiily 
difHoilt to achieve, but is a worthy goal nooetbeless. Obviously, it Is of utmost invoitaots 
that tissue CTgmeerai thetaito do not subject a prttent to loof-tem oncoinjrie riSr. 
matter how dioiougb and extensive ne-dinical testing is. however, diese tyniof risks inr 
ooibeevidentunidveafs after the cUai^ 

The concept of host intenaiioa lefim to a vaiietv of seemfn 



: — f"? _ _ — a-»jr w«u|»M, wjaaixw |mvwcu. j%m mennoneg, soinDie and 

uuoluDie components such as growth factors, inductive factors and Uocamntible 

extnceUuto mi^ malBriab wm undoiibl^ 
171 support Ae cellular conpoQenis of tissue leplaoeiiieats. After Tmpi^tf^ of an 

Q eogineaed constnM and cariy cell survival by diflusum and imbibMon^ subsequent oe& 

M y^i^^PS?^ ^ angiogenic signals for focmal neovascularization. Theoittic^ 

U, : ^^SSSP^^^?^^ ***f ^ surviving progenitor allrin^tiMOttj^0ytr^^^ 
rtl . 2»8?S?'^«'"!5»^ be stifTBil a te d to replicate and diffiatntjate % tlg^mai^aombei&^^-^'^'' 

thcrgrmrtfi^ f and matrix components included in the loatot sis weHi as .diervIdcadl'j^^ 
iJI nucro-o ulicu. As the matrix scaAdd degrades over time, the diflbrentiatins ceQs will 

rU fSSTS^lI^i^^n"!^ With 

more tone this wlDcoQtinoe to lonodel itself into mature tissue. 



1^ GrawihFaeiarDeiiwry 

Jli t, ^1*^ on the scenario {msented above, it is evident that bioactive factors wifl play a 

- key role m Ae integration and moipbogenesis of a tissue engineeted inmlantT As 

« mentioned, teracttve factors can mfluence a wide varieQf of activides mdndms oeO 

5 i~tih5r.^U.Ea4 int)^ ceD gcowdi and cell develbpmetTlSlnl^^ 

desuedcffects, however, it is now brmming clear diat bioactive fivrtors wiU ikeed to be 
debyoed: 1) over extended periods of time, 2) in variable concentration gradients. 3) with 
specific clmmcfty and/or 4) widun certain •response windows* of opportunity. This type 
of comroi teddeh veiy presents substantial cbaUenges to tissue engineezs. Because maw 
bK>aMi^ £Mm have extremely short 

m^ cffcctiye. There are, however, several eriKrging alteniative strategies to Uoactive 
debv^ that show good promise. These approaches include: 1) delivccy via incnporation 
directiy mio bimnatrix scaffolds and/or ECM components. 2) (Uivesy via oolvmer 



tnicronmeres and 3) deliveiy via genetic engineering/geae dieruy '^hniqiTi^ For 
exan^le, at least two groups have demonstrated tbe potential use of bas»^membrartt 
component fOT we deliveiy of angk>genk: and mitogenic growdi factors.[30, 401 In 
additioii, Yuksel dtd. have initiated eariy wodc dm sugge^ long-term deUveiy (rf srowdi 
fiactonm vivo IS feasible using PLGA/PEGmicrosiAeres.[60J 

Our lab has completed proof-of-concept studies that suggest preadipocytes themselves 
can be genedcaUy modified to deliver a given protcin/growtii factor. More specifically, we 
have su^cssfiiUy transdwed human lipo-derived stromal cells (pceadipocytes) ex vivo widi 
three different viral vectors (retrovirus, HSV and adenovirus) to express one of two 
dilfmm marker genes (LacZ and Green Fluorescent Protein (GFP)).rSee Ftsure 7} We 
also have orehminaiy data suggesting excellent in vitro secretion of bFGP from genetically 
engineered human lipo-derived cells. Human lipo-derived cells were transduced in vitro 
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with an HSV-bPOF vector. LeveU of bFGF is culture superaatanis were then measured « 
various tunmoina using an ELISA (eoiyine-UnkBd immunosoibent assay). The results 
demoostcaied etevaied (though iransieot) secmkm of bFCP from geneticaUy engineered 
cells compared to ooa-tiansduced control cells with n peak at 3 days Dost-oansduetion. 
ThouEh intriguing, these resohs need to be repealed and dtea fbllow«d up in an in vivo 
model. Along djeseUnes, we aio now exploring the in vivo surwivni and 
lipo^vedcellsgeneticdly-inodifkdtiailianiariGerpRNein. 

pesptto the oiljrna&ire of owst of these tntdies.it does seem leasoa^ 
that human lipo-denved stromal cells are amenable to ex vivo genetic nK>difintfion using 
viral vectors. As lechncrfogies for vector coostrocdon and gene therapy continue m evolvZ 
the abundant and leadQy-svailable nature of human hpo^ved^^ mot^ don a 
poiendalty useAd. appealing and pracstad deUvexy VeUde* for a variety of autologons 
gene tbeiapy stniegiei. 

CONCLUOINQ REMARKS 

Tie field of tissue eogiiieering strives to iniegnie techoologlet from inultiple» 
seemingly unre 

tjt tberapittfte tissue rqwir and^ rqdacexce&t A buge dliuc^ need exists for tissue 

1^ enguieeied ftt equtvaleats* cangmg fiom fiumaL leconsliuctive apnCcatioiis to various 

^ ^!J^^^2^f^^ of adipose 

dcvctopmertttccme. autologous celM»se«tissiieieng^^ stiwegiesMe bcginSngS 
txsmx^ These aypco aiches wilE..li]ie^^iinnlve some pamutai hm of autologous 
£ pfMdyocytes, bioconyatible polyner scaffolds, extracellubr lutrix costpoaeots and 

Si in the «t vivo liabricatioa of adteose ti«S«tamplaiits. 

m Prndaxiycies ace an Ideal foundation for 

i ^ possess angiogenic* proli&cative and adipogenie potential Ttm necessaiy 

• knowledge and tools fbr die develqnnent of 'first generatian' adipose tissue constructs 

\ (e.^siiiaa vob^ thtf lequue only molecular neovascularization for survival aie 

m !L!2P^ For e«mple» techniques fw autologous tissue harvesi and higb-vohune 

n pieadipocyie isolation cunentiy exist and are cmtinuousfy being leftned. Tedmiqnes for 

^fl preadipocytB cultnie, expansion^ difEerentiatioo and poetic modification also cutrently 

•0 exist and they too continue to be refined as mcdecular iranscxu)tiQn tertocs and similar 

compounds become identified and characterized. Nevectheless. d» intioduction of 
engineered ceU constnicts to 

Ttede veiopm emof larger, more coomlex 'second generatian' constiucts (e.g. breast 
^ unpiants, compostie tissues) thtt w^l require defined vascular systms for 

oeovasculanzanm are even further aw^ fiom dmicalr^ -^lese types of iimlants will 
only evolve as ^er co-enabling technologies become ttSati and prac^cal (such as tissue 
ra^eered blood vessels, cra^iuterized assembly/fitiHkatioo techniques for die cdl- 
scedmg of complex, 3-dimensional scaffolds and 'Isioiencton'* tfiar can sustain such 
constructs ex vivo prior to implantation). 
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All of the references cited herein, including 
patents, patent applications, and publications, are hereby 
incorporated in their entireties by reference. 

While this invention has been described with an 
enphasis upon preferred exDbodixnents, it will be obvious to 
those of ordinary skill in the art that variations of the 
preferred embodiments may be used and that it is intended 
that the invention may be practiced otherwise than as 
specifically described herein. Accordingly, this 
invention includes all modifications encompassed within 
the spirit and scope of the invention as defined by the 
i^—i '—claims appended hereto. 
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losm^uaiia: LUile is iuiowa about cte celluiar mechanisms of fiee^faTiiiliiplimktioii. TtoHJh 
!SS?o'f!KSLJS':LJ^S^ .fragile lipiWaden ceUs (hat do noi^Sand the medS^ 
trauma of sucMo-lurvea and synnge lojecaon welL Wh« is more, ihe triglycerides and fiee fairy acids 
?^JSLS^SSSSfKir^i?.Sf^ are damaging to surrounding ceU membnuies. ihos K^ing up 
a vK'^B^oe of cen death. In the past, adipocyte stem cells, or preadipoeytes. ba\e been impUiaiBd 
in the ^velopmera of adipose tissue and moie recently have been ptmutoi^ play a mSwroKTS 
fat grafting. Keadipocytes are noti-llpid contaming ce'lb that exisr^Ss the aiSSi rS^aSiS 
ussue^ niey are able to pmhlerate as weU as stimulate angiogenesis. In addidoTtSTwe ^mSSTS 
.^^m^.J^ a4jMcytes given die appropriate eSvi5,nmeni., To-datei:£»wS^.^S!hM 
J£?»»«yf«2?!^^ preadipocyteS exist within pryaiy iS^tewSiS^e^l^ 

pbyioMly; rfus has maiior unpliouions for c!ink»l fat tx:wspianuS^cM^^"M^mh^^l 
central tnle in mon free fat graftinc lechniquev Uposuction provides a quick, ^e a^effi^^n^iu 
^3t^«r£J^^ o. ;ui«oiogote uLue««air^aan*5iuntatioa.^ 
Study was to determine if viable preadipoeytes exist within human liposuctioned fat tisMC. 

MfilbQds: Hmww adipose dssue was obtained from roudoe etecdve liposuctioo oroceduies Raw 
bposucoon effluent was stnuped so as to separate adipose tissue pieces fiSn^SSLSSuSS' wS? 
U^^^.'TJ^*^ dioroughly and enzs^nadcally diSociatSL S^SS^^rTSS 
ofamnftiganon and filtnuion. Tte isolated stromal cells wete plu^ adensi^? of 30^ 
'"^J' ''^ =-» rinsing wiui l^Ter. auTSSTweS Sen 

SrrS^Cj^^"^^ rMAa reooneJto induce adipocyte developraearri.e. adipogenesU). Cells wS I 

U|.xacwiiiu.»i«*M, jifiataaadwMih Od Redo » confirm die presence of triglyceride^ * ' 
EfiSUlta: Viable strmnal cells were successfuUv iaainrixi Anm i:...^ : j c. ..• 1 
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novo «vnrh..«i« «f rri-iV^;^-! T *^ ="5^ ?osiuve!y with Oil Red O. thus confiiming me oe ■ 

novosynthesis of tnglycendes. As adipocyte development progressed, inoacettular lipid coUecdons I 
beaune birger ^ unilocutor as the cells diemselves ^wSxt^^dcd^^ ^S»uSS7^ 

diffeienoated adipocytes lifted from the cutane surfsu* due to their ino^ 



"^.*^y *fn»«toiraie» .or ok iii^ ume Oiai viable adi=oc>u! seem ceil. cxi*t within 
SSS*"17f" i^posuetioned ha. tissue efOuenL Moreover, we iSTTiJiwd^ sSJh iS^ I 
procured cellscan beculiured and maimain die ability to develop into nuumTadiMciS und»SSi 
fimbng have direct implicadons on autologous fiit grafting strategies. Because 



condtcsoos. These 



Sf>SSS*,?fJ^f°'*^? potential as well as dcvelopmentai potential and because ihS^aie capable i 
SL^^^i?v!^^£^ T* »«f^'««:H^«anon through paracrine intetacdoos with endMhelial^Us. ' 
Oiey most bkcly play an integral role m fiee fer transplantadon. This work provides an cxceOent ' 
foundauon 00 which to base fufdwnaearch into die cdhilarmechM i 
heahng response offat and fiat regenendon/devel^ment in general ' 



CU LTUR E AND DIFFERENTIATIOW OP PREADIPOCYTES 
ISCUAIED FROM HUMAN UPOSUCIIONED ADIPOSE TISSUE 



, SaSLAI>UuUA^HcdrickJ4H.HiirBi^ 

DivisiM of Flasdc Surgery. Univmity of Pittsburgh Mcdfeai Cemer^ 

r***^.^^ •^^•o^K««Sttrgay.UCLA.LpiAnfdet.CA; 
Sponsor I. Wiilfani Aitrell, MD 

lotrodocUoos Adipocyte pn^imr cellt. or imdlpocytes, m 
libioUisl-like ceib devoid of that exist whbb il» sira^ 
of edipose dssuo. Itey m capeblo of self-renewal* sngiogeolc 
stgBalhif and temunal tfffiemtiatioo - ideal qualitiea for cell-based 
dnue engi^mg effects. Upomctioa potentiany proTfdes a quick, 
safe and etficieat neaaa lo harvest large amtmots of autolimtn 
tisaofltells for iransplantadon» gene therapy or dssoe engiiiecriflg 
appUcatioaa. Wo hypothesized that viable preadipocytes could bo 
isolated mm huniao llpoeaedoned fm tissue, cultured and tenntoaily 
difTer ffitfi a ird in vitioi Mcttods: Human — rt ?ni t anft nis ^Mffpftit tissue 
was obtained from elecdvo liposuction specimens (n«10) and 
preadlpocytes isolated with a novel devico via an enzymntic 
dissociadon, centriAigadon and miration procesa. Trypan blue waa 
used to detenntne cell viaMiQf and prfanar9 cella wtsoL elated at n 
density of 100,000 cellsf^ Wi W At 
confluenoB. die media was ciii^j^B3^^ir«B^^^*iffi^ 
containing dexamediaftooe (10(hiM) i£^^ Cultures 
wem observed daily Ibr die accumuhttton of intineytoplnsmic lipid and 
subseqoemly sained with Oil Red O to confirm die piesenee of li^ 
ReealUs Imm^iately following the dissociadon process, cell 
viability ranged from M-75%» Cultures levealcd a htterogBncous cell 
populadon widi fibroblast-liko ceOs diet grew to confluence and were 
amenable to repeated subculture. Exposure to adspogeaic media 
induced a snbpopularitm of stromal cells to accumulate intracellular 
lipid diet stained posidvely wtdi OU Red Q, a finding consistent widi 
the terminal dtfTerentiation of preadlpocytes. Condiuioaax Wo 
ooocittdedMtt; I) viable |»eadipocyteseaistwttidn, and can be isolated 
fem fsimary human Uposuctioned fiu tissue and CO thst such rrfl s can 
be expanded and terminally differentiated In-vitro. Thia study 
r^nnents die ftm such evidence diatliposocdon isasmnce of viable 
picadlpocytes that may be useful for a variety of clinical appllcadona. 
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UPOSUCnONBD FAT! A POrBNllAL SOURCB W 
AUTOLOGOUS CELLS FOR GENB IHERAFY AFPUCATIONS 

Oivtsloo of Plastic Surgcty. Univentiy of Pitttbarsh MedScjl Ceattf; 
Pfttsturgh. PA; ^Divisioa of Ptetie Suramr. UCIX Los Aaielet. CA. 
SpoBion J.WUliaaFteBll,MO 

latrodvcUoas Many €x*vivo gene ^tmrnpf stntegks axe Umked by 
the availabfllQf of nitotogotts GtOs for foao doUvny. Adipon dmia, 
Iwwever, would bo an Ideal mice of aittotofoqa celta for such geee 
therapy sirate^ becaoae of iu abundance, espendafaiB^ and case of 
procufcoienL We hypochesized that cella isolated from human 
lipcettcUon-pfocined adipose tfsaite could express e genetically 
engineered. pioieio iiHvivo foQowing ex-vliw culture-expansion, 
transduction and implantatioa. Metkodas Human wiHpfttfr tissue was 
obt^ned from elective Oposuction proceduies, Stramal cells weie 
isolated by a novel enxyoMk dlMcrlaik jo , cenuflbgatioo and fflimion 
technique. Cells wcte cuIureNMcpanded in 10% serum-cootnimng 
media with lOngtal bFGF and transduced with e non-mlicntint 
ad^iprirair^^ 

altar^thiutfiird passage. 4ghfa. aflsr ttanadoctioiw implaair (m-g^ 
comaistinf of 10Q|a~matrtgeI^, lOOng/U bPQP and tmnsduced Kpb^^^ 
derived stromal celU (8xicy'6/ml) wen mjecied subcutaneotnly imo 
nude mice using n Ice syringe and a 27 gauge needle. AceHutar 
implaais consisting of matrigeTM end bECT served as controla. As 2 
ai^ 6 weeks post-implantarion, animals weni sacrificed and impiaata 
harvested. Implanta were then cryostat<-eeetioned and ^ w f rn fmrd for 
protein expression/cell survival using fluoreseem micrtkseopy. 
Results: Fhiorescent microscopy of tranaduced cells prior to 
implantation revenled exccllcirt gene uptake and GFP expraaaion. 
Subsequent evaluation of oell-contaiaing implants at two weeks post* 
implanted^ abo levealed GFP expzesaton, while aceUular control 
miplaatsdidnoL Impiancs sr six weeks revealed no OPP expmsioo in 
cfdter group. Coneiuaioiux We conclude that: 1) primaiy human 
lipp-derived suromal cells can be efficteady transduced ex-vivo with nn 
adenoviisl vyor and can transiently express a Onoiescem marker 
protein (GFP) in-vivo after implnntaikm; 2) die transient preiein 
expresstoo observed in thia study is consistent with the nature of 
adenoviral-medlated gene tmnsfer; and 3) adipose dssue may be a 
valuable and pleniiftd source of autologeua cella for gene therapy 
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BASIC FIBIU3BLAST GROWTH FACTOR GENB THERAPY 
USINO HUMAN UPaDERIVED CELLS 

Mawn, AC Kan. AJ^Uull, M4«coiii, p«nd FmieU, JW; 

Divutoo of Plastic Surswy. Univ JHilsbiB:^ MedCnttu PittitarBlu PA; 
Sponsor J. WilIi«mFiiiren,MD w«™in,r/v 

IntrodactloB: Basic fibroblast growth factor (bPOP) is a potsat 
mitogeo that poteotiatct angiofcoesis. Ex ▼ivo gone dmpy is a 
proraMag strategy for the site^mmfk! drfi^wiy «f uanp «>» ^n ilt iml 
reeipieac graft bfds. Human Kpo-derived adipoaa •^•^n la aa •■» iTTnfffl f i i 
and easily harvesied sourea of cella for gaaa dwn^. Tlia puipose of 
this study was to determine if ceOa fhm bumaa iipo-deiWcd admoaa 
dawa omld be nudased widi the bFOP gaan. Kfettedas Humaa 
lipo-denved stramal ceQa were 'fif^trd via coHafBiiasa dissociadoa* 
CeOa were cultured and divided into fbtv groups. At confloexice two oi 
ite ^oups weie tmsdsoed witfi a bFGF-befpes simplex virus (HSV>. 
The ocher two groupi served as coatrble. Supemataat samples weie 
«2ert»£tti.2.3,«id5^iBter^ 

WGP. Resallat BLISA analysis revealed suprabasal expression of 
C WCVIaexperiiiiefitatcidiiire^AtaimahipIieivaflnfectioa(MO0 
]«4 la enalysis^if varum (ANOVA) levea^ a statistically ^gaUicaat 

'Z other aad found to be aigQificaai^^^ — — 

]Z difTereal hi all cases (p<0.05). 

WheaaMOlof lOandaMOIof 1 
W wem compared with each other and 
%. against the ooninfected contnrf, 

f:^ ANOVA showed a sutlstically 
1^ significant difference on day 3. 

Further comparisons of day 3 data 
showed a statistically significaac 
difference between all ttoee groopSi 
Q ConelaaioBSs Hiis study demonstrates thai cultured humaa Upo* 
Q derived stromal cells can be transduced widi noarepllcatiog bFOP- 
HSV. Suprabasal leveb of bPGF are detectable 41 to 72 hours pcet- 
transducdon. Peak leveU are reached at 72 hours and incrcaaing dw 
multiplicity of tefectioa can augment levels. Aa sudi, lipo-derived 
adipose tissue represents an appealing source of autoiogoua cells for the 
potential sitt-specifo: defivery of bFQF ami odier bioactive foctois. 
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AtUpogenie Stem Cells Chread^o€ytes)fiom llpasuettoiud Adipose Tissue and Uses Thereof 
AJKaitelaL 

The quest for the generatUm of new tissues and/or tissue equivalents for lost or damaged tissues and 
organs Is now welt underway. Many of the strategies underfying these tissue engbi^g effoZ 
involve autologous cell transptantatlen paradigms. The general idea of title amoaek iatafn harvest 
tissue ftom a patient, 2) Isolate undeveloped stim/progeSuer cells, S) exaantS3l " ««nwf 
developmentaay/geiudcaOy manipulate such celts in culture, 4) combbte such cells with bioactive 
factors, extracellular matrix proteins, and/or biodegradable polymer scaffolds, and then 
re-impiant/deUver the resulting 'nee-tissue' bach Into the original donor-patient for a soeci/le 
thenaeuaepiupose.iSee tOagram nil Tha utimaU goat of this strategy 6 to esploU tha^owtk and 

• Great advances have been made recently la the engineering of tissues such as shin, bone, and 
cartilage. In contrast, minimal attention and effort hat been directed toward the fabrication of 
autologous ad^e tissue 0.e.fa^ At first glance, U might seem undesirable to grow more f J tissue 
: ,for someone; but In fact, an engineered fat imptant would be of great ben^tomanaoattaits and 
01 surgeons. Such technology would prove btvaluabU in addrasbtg market^cUnical dMmraea 
, ... . , Q . diverse m: 1) tnuan^ timue loss, 2) oncoUfgie-rebded tissue resections (e.g, masU^myi, 3) 

-.^^T..ciK(Ty.:^*'»'O0-^'^i'd indications, 6) stess HrftMiT^ 'ff^ft^^^P'^.*^ 
^ Sian^M^prcaches to soft tissue reconsinegt4m 

technical dySPcutty, cosOy opmah^ time, hospitalst^, associated casts and donor stim morbidity. 
^ A UernMve a/m'oaches ie soft tissue reconstruction and augmentation have trudttionaBp I nr/ffd rd 
)wb ^piastic^andailogeneic products such as t^on paste, siiicone inq^ianis and bovine cMmn. More 
'3 recent options include autologous inJsctabU cotiagen and dermai aUogrnft sa^olde. Ew^cf these 
^ ntetho^,howeyerg is associated witik certain drawbacib.Al^ 

*| mateeialstusoinelude risks of anergic reactions andinfection transmission and uUmatavfaUi 
integrate intothe recbient she for any extended pertod of time. Newer approaches that imilve 

^ autologous tissues minimize or overcome issues such as disease transmission and immunosenicitVa 
but stitt often require muUpU and repeated tiker^ies due to infOaniresoip^ 



mat the uleal goal being tite "placement of like witikOke", autologous fat transfer represents a 
iogiMl approach soft tissue reconstruction and enhancement Currently this involves tissue harvest 
via l^suM^ngthen tissue 'preparation'^ flowed by imme^ate re-injection of the free tissue into a 
neso site, I^miUow a century ef efforts, however, ft 

endeavor. Clinical ly , most autologous fat transfer is characterized by the gradual but imnitent 
resorption of transplantedfat over time. In the minority of cases in which long-term sundvai has been 
documented, tssues of predictability and reprodudbiOty remain obstacles titat prevent mare 
widespread clinical use. Nevertheless, interest in autalogouf free fat transfer has em^ienceda robust 
T^fi ZL ^^Jf^ ^ widespread popuhirity oflbfosuction which botit creates 

ejects mat need W be^lled'^ as well as provides a convenient and easy means to obtain tissue for 
trartsplantmon. In addition, the recent reports of several authors* success wUh Itposuctionrbasedfat 
transplantation have served to support and encourage the continued pursuit of Ms somewhat 
controversial clinical technique. In 1996, there were approxmatdy 13,009 autologous fat 
transpitrntation procedures performed by plastic surgeons mtiu US. This number has almost 
certalnfy grovm over tite last two years due to: 1) the appeal of using one's own tissues for treatment 
ftherebymwtding mfutious, aUergle and rejection risks), 2) tite aUure of ''putting exeas fat to good 
use , and J) increased media eovera^ m both the professional and 1^ press. Demte the apparent 
stress of afnv, houmfer, thefundamental objectives of predictability, reproducibility and tang-term 
effleaqy remain significant obstacles to the widespread acceptance of autologous fat transplantation. 



From an autoU^ouM dsstu engineering penpectt>e, fat tissue b unmatched fy any other tissue in 
r^ardi to avaiiabi^, expendabil^yand ease oforocuremenL First, fat tisstii, iSaorS!^ 
abundant on a soeiaul asweUas indhdduai level Second, fat tissue is uniqueh aa^dSSM^LnMrmd 
VS*^^"^ ^ no^oimphysioloSci^^^SZ^I^'^ 

asseeloi^ with removta of expioitabia quantities. And third, using Upisuction todudo^Sh 
JSS^r SSr ^«««<> fa as^o, cosmeOcSfyf loosing, .SlSSu^ivosiin^ 



Fat taeontain undifferentiated progenitar (ston^ cells rrferred to by mam as 

t^nowblooi vaseb^Aifqfthae qualities mahejnreaSo€ytesaprimecandidSa^n\5,ldh»r 

«»!/ii»c<««i with polymer siqffeldt, axtraceSlvnuSMetort 
and Moaettve factors. It Is beUeved that prtod^ncvtas wmbe abUrUfdSwthoSaM!^>^J^i^^Z, 

m^oughprea^oeytoslut,mb^ described and bolotedfhtm adipose tissue In the past, strategies 

^ ^^^^i^^^^J^^f*"^ " - - httrpducednearfy 20 years agoTrmsentsanldeais^ 
^^'^fS^f^M0m^^!^/m^e^scale eta Isolation due to its «^JnbUnjM^m§^m^^Sl^ 
\U a>*dpotenadforbo^tmoge l^^ Todaiy liposuction is thtTnuM^a^mS^m^^^ 
^ eperatlenjn the worfd. H was long thought that ^pesuetton wastootrauMe aprattSe^yidd 
jfl any stgn^icMamotam ^viable tissue/^ 

\j, sueees^futty isalatedfrom such for culture amd few*** " ' ^ 

S !S!*!!f^/ '«f/«r «*i«0' to bolate, culture and 

- ^velopmenUiifymmipuJotepreadi^^ 

I tfmie *«;?!!"P»^<»> ^^ceOent^nicoi and commercial Jiund^i^^ burgSSngaraH^ZA 
O iavo^j*, aiir to* Aa* demonstrated the ability to isolaU, cultmi, and iiffirSShSmlr 
'I!^^^^SS£^ii^^i^'ijr*^ "Potacthned fat tissue on a routine basis. This 
^iS^Sh^^iS,!^^^!^ «»m««c«rfiwtoitfW the npldfy evohdng fields of tissue 



Methods: 



Human subcutaneous adipose tissue Is obtained from elective liposuction procedures with 

''^ %a»iie<toii eJSfluent (ranging from 100 - SOOOnds) Is strained in oar 
prmHet^devtcejaS. patemh 5,786,207} or layered in a modeled media botOeto^X^'OMe 
and wash) the actual pUees of adipose tissue from the associated liquid waste eonsistina ofoil^mm. 
t^'^JZ"*^'*^^'!t^'^ ^•^fi'ction ofdssue Is then subjected to an enSJa£ 

dissoclMlon and fixation process to create a single ceO suspension. Stromal cells areseparated into a 

andresuspinsion. Red 

^n^h^$^^^^"J^*^''^f!!^'"*^''^'^*'^''^'^'^and^ 'clumps'. 
CeU number and vutbdity are determmed widk trypan blue dye exclusion and a hemacytometer 
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DMEMmtun*s F12 (1:1) lOOOmis 
lMNaHC03(15mb) 

PanUrthenatM (17uM) 

Dexamethasone OOOnS^ 
Tnsuiin (JOa^hiD 

Put/Sir^ 



added to the Jint feed to arrimtuatu adipogade IndueOon. ^— i^ww-v « 

AfiorJnducaoH itdA ad^ogente media, ceOs are observed daify tdth phase-coiOraat mUroteoov to 
ident^ morphological changes associated with the terminai dUJkrentlatlon ofpnaStoatSs 
rounding aad Aeaecmmdadom ofliUraeytoptasude lipid dro^tts. OU Red O^btlSu/edta confirm 
t^prmce ttfttpUandhamMOu or hoesehfs statn ittaedto IdaO^ cett nwdeLjSS *SSSS. 



fn Reaulitt 

a 



S^mal c« IwW ^ viabtBdet In 

ijt^ the rrnige of 40 - On averv^'apgmduidmflOO-fmmSlieel^ Un be tsoUm^Amntha ' 
,y db$oetedon^eaehMofr^l^^^hmS^as«^ 

'WfS^Ji*»h^r^en^us pepnlatioH widfapreddndHont/lbroblast^ika mearanee.lFlgureM 1 and 

^ fm^mog^di^mM m «mmm»1mm — ^^.^^^^ ^^^^g St4^ffdU^d 



,3 'tob^dcmifinmthepresa^ 

1^ Gradtialfy,ho>vew,th^ begin tofiaeintofeiw bat larger 

,Q <Mangafrein/us^onnto round. The combination of a more rounded shape and increasing buoyant 
^ float 1^ into aiemedia.[Figurea5-^J At this point, it is d^uUtofoUow and maintain the cell^ 

The earBeat morphoiodal signs of d^erenttaOon (La IntraeeOular ibid aeeumuiatlota occurs 
onundTd^^qftermAteOon, butthenutforifyofcomvenion tMseetTz^ weehs after biduction. 
Depending on a multitude of variables thai includes, bat is not ttndted to donor age, site, sex, weight 
and harvest method, varying proportions of stromal ceU cultures terminally dOEffS^baUtSr 
A«foctf0ii.^^^ roftges between 30- 80%, wkh a mean ofmrnnadmately 

60%. InaddUon, the e^tOon oflBMXudth each media change seems to enhance a^^Sc^ 
conversion. Though observed, ad^ogenie conversion in passaged cultures is decreased KMomared to 
primary ctuturee^ ^ 



Conclusions: 



From this work we conclude that: 1) violOapreadlpoeytes exist within primary human liposucdoned 
fatdssue; 2)Aeycan be sueeesrfuify isolated from large, exploitable volumes of 'raw'^osucOon 
effluent; and 3) they can be eulture^expanded and terminalfy-d^erenOated ex^dva. Th&work 
represems the first such evidence that l^osucdon is a source edviaUe preai^oevtes that mav be 
usefulfor tissue engineering and ^nedkerejiy^iplicationM. 
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G^eOeMan^ulaaen of Stromal CeOs Isolated fiom Human LIposuetUmadAd^ose Tissaa and Uses 

AJKatcetaL 
Introduetton: 

Gena thtrtwy UcMnoiogia are rapidly approaching a developmental stage that wUl penrUt more 
wide^readelbilealmaianm i^t^thm 
harves^botatlon,eultn€ and genetic 'engineering* ofapallenfs (aut^gous) ceOs ouOiZorSa 
badj^ 4flv inserting ameeffbgau into such eulttire-emanded atOologous edit. AeresuUiu 
l^^^nS'l£22^^£S^^ A« «*«fafftei«f A3 bdo the patient for an tntanS^SapeuOe 

JlMu\I^r^!^^^i^.!lJj. "JTr^^V^ fBSuefcxUsfor gmette atteraaon and subsequeat protein 

ilS^^^^rZ^ ?!!!r!!!2?fiJif f^' * ^fi^fVPOtaitlal morbidities associated with 
■ " ' .f*r '^^^ ' tr^o^ffadsu between amount required for eOUdmnt and ^Oeaeiom 

StarUngwiAftvfer cells means that longer time periods are requM for t/ie 

^p^^^^g^^g^ 'ff^V^n^iiadel^gtngf^^^^^Us an 

Wm^^ff^^l^!^^^'^^'"^ eiferage around t weelatymmontB^^^^ 



nk^^^W^ delivery e^enipleyed.(see enclosed arUeU^ EHm, timaawmm ^ven ^ 
m ^^'omenduaeonsavi^ protocol, the patient IsstUlMiMdA aslgnUHm^d^ cesmetteaH^ 

* j^^^^r^^rf^oSt^ "^"^ '*'^ anestheUe, and are therefore associated with 

a I^elfy, what is nee^ferex-vho gene theram strategies Is an autolageastbsaa source that Is 
;U ebundan^a^ndabte, easy to harvest and i^ek contains cells omenM 

•0 ^giMtfg Meratlmt andre-implantatlon. AOposetbsae ira$ represents an unbnaMm^aJ^m^M^f fy, 
«0 three of the desired ^erla mentioned 

hfetBelne, neerfy 60% ^theaduU population In the United itates meetslkeaSrent definition If 
clinical obes^y, ^cond^a^ose tissue Is uniquely expendable. Navfy evayone has enough 
siihe^aneous ed^ose tissue to donate generous amounts for autohgous therapies wMoSl any 
sigMuuU bltdogteal or amoomleal consequences. The same degree ofexpendablltv does tun exist 
for bone marrow, blood and skin. Thlrd,fat tissue is extraordbiartfy eanto obtain (even In lam 
^'tS^iKbLllf'SSL'*^^*'^''''*'^^ *//«p«f«etfwi. During the two decades slnie Its 

ry^!^r^"f^"i*? ''^'"'^g^i^PV'f'^'lu* inpartto rained techniques and 
^JJ2JJ^J»JJ JJ^J"» « *f^er end more reUaUe. Todt^, It Is the most performed ae^eOe 

^^5?^^" oHginatfy intended for the removal of unwanted fat tissue and Is stia predominate 
utIUiual as such. Because fat is a source ef several parent ceU types, however. It also represents an 
excellent wqy ta harvest autologous tusue for potential tissue engineering and gene therapy 
appBeatlons. Ai^ose tissue is historically perceived as a static collection of engorged, IMdifllted 
at^oeytes that have hypertrophic but not hyperplastic eapabOltles. In fact, fat is a surprisingly active 
and dynamic^ tissue composed of several different ceU types including adipocytes and various stromal 
eeOst QneMuOingfibroUasts^readipocytes, perieytes/smooth miacle cells and endothelial cells). And 
whUe a wia once thought that tissue obtained via UposucOon was rendered nonviable due to the 
traiana Inhmnt ut the suction process, it has subsequentfy been shown our lab and otiters that 

SS.^^ilLS^jJ^^^f'^?''^*'"^ ofsign^leantpopulations iff mature 

adipocytes^ and stromal cells in liposuction-karvested human adipose tissue. Using our patented 

Oavteeanameauta, *ve have been able to succestfulfyeutaire^and stromal cells isolated^om large 



votumes o/hianan Uposuetbuud adipose iisstu(rtfer to patent »5, 786,207, asweUas recent Invention 
dbelosuns}, We now present data that dtnionstratea that hunumttpo-derivedst^ 
^llH/oSr^f^i^^^t^'' 9rsutse,uent protein expression in^vitro as .ett 



Methods! 



Human subcutaneous adipose tissue was obtained from elective liposuction procedures with 
approjoriaueonM The raw O^m^n effluent (ranging from 100 - SOOOhUs) was strained in our 
propHetan^ device (a&pate,a» 5,786 JOT) ortqyeredin a mod^ medta botOe t9 'reSe^fbobS 
and wash) the actuai pieces of appose tissue from the associated liquid waste conslsHnm of oil, serum, 
bbf0d, austheticsob^ etc Tha r^bud fraction e/dssue was then subjected io an iimSe 
"SS^IaOen anajmmon process to create a singU eeU suspension. Stromai ceHs weresaarated Into 
a aeUet by centr^ugaOonand washed several times by repeated ceatrifugatloH and resuspension. Red 
blood cells were fysed and the remaining ceU suspension filtered to remove debris audceSnmsates. 
CeU numb^ and vlabU^ were determined with trypan blue dye exclusion and a hemaevltmS^ 
Stt^mai cells were ph«tedon»s^^ at densities ranging from 20jOO^Tl^e 

c*U^t^f»fgfO}^DMEMmam*sF12 media (1:1) with 10% fetSl bovine serim and 
P^j^jjM^l^i^^^^^lh^ reached confluence. 

^ Thuisduedon SIuAm ^ ■ 



r'erln-varoirnudiu^n,stu0as,e^ 
IV Huu-herprotebt (Ag. ladSarX&eeKmoraeent Protein) or e UoaeSvefrutor (a.g. bFGFor - ^^v^lv-l^'g? 

Si Ca^fiaoreseeiU nderoscofy^aw (GFF) orELISA (bFGFJL-U), For tn-vtvo Inrnttutt^^nSwOes, 
lU culture-expanded ceOs were transduced with anAdenovirus-GFP vector, 48 hrs. afier transdueSmtT 
\ trypsinited and mjeeted Into nude mice in a 'delivery vehicle' eontahUng matrigeland 

J* bFGF.Aeellular controls were Injected btpanUteLln-vbfoGFPej^esslon was £^ 
U JIuorescent nderoseopic evalaaOon of froifn-secdoncd implants at variouM dmmttKls.(nlease refer to 
\M enclosed abstracts for further experimental detail). ""-»«'««.ifwei»« r^mr w 

xQ Results: 

SCramof cells hme beat repeatedly and routinely Isolated and euUuredfrom human Ibtosuction 
eJBflMient mour lab. Based on an n^20 patients, our techniques yidd an average of 31^000 viable 
stomal c^for every ml of reflned liposucdoned adipose tissue tOgested (range UMO - 790.000 
liable eeUsAnl oftbsue). In-vltro studies with culture-expanded human l^o-Mved stromal cells 
demons^ate that they are quiU amenable to transduction and subsequent protebt rrprmitrn. VsIim 
three different viral vectors (retrovirus, adenovirus and herpes simplex virus) we have demonstrate 
theexprasion ofLacZ and/or GFP by genedcaUy-altered Upo-derived cells. Transduction efficiencies 
^'^'iSES""/ 2* *f ^sutprtsbigfy), revealing >9S% effldeney with 

AdenoV'&F and HSV4acZ vectors andonfy5-15% ^ieney using retrendrus-ldcZ (pUase see 
photos). More reeenify we have established stable human lipo-derived cell lines that express either 
IL-J2 or G^ after transduedon with retroviral vectors and subsequent selection with antibiotic 
C^5^S?!*^*: *»-'^ studies have demonstrated the successful transduction and expression of 

bFGFby human Upo-derived cells irrfected with an HSV-bFGF construct. Levels of bFGF secretion 
into the medut supernatant was measured with an EUSA and revealed suprm-basal expression of 
bFGF 24-72 hours post^ansduction.(please r^er to abstract: "Basle FibroUast Growth Factor Gene 
Therapy Using Human Upo-Oerhted CdW^ Most, ^not all, ofOte above studies have been repeated 
at least in duplicate. 



Implantation suuties have demonstraud Ae expression of genes inserted into human Ibto-derived 
cells ae-vtvo subsequent implantation bt-vivo. More spec^lcalfy, cuiture-expan^eells 
transduced with an adenoviraKlFP vector revealed exeeUent expression bi-vibv48 hrs. 
post-transductwn as determbied by fluorescent takroscopy. After subcuumeous hn^antation into 



nud* mice, these genedealfy altered cells eondntud to express GFP two weeks 
post-iiHpUmtatioiLQtlease see abslraet: "LiposttcOoitedFateA Potential ^urte ofAiUobmoua Cells 
For Gene Therapy Applications'', enclose^ * 

CondasUmss 

Our research demonstrates that stromal cells can be efflclentfy and rautbieh isolated /rom humam 
Ibosucttoned adipose tissue. These cells can be culture-expanded and are mienaUe to renede 
alteration using various vtral-medlated techniques. Furthermore, these cells ere capable of 
expressing genes introduced via Aese methods both in-vitro and In-vivo after itrmla/tttatioH. The 
proprietary, scientifle and commercial signyicanee of this research ii embodied by both the ceU 
source (fat tissue) end the manner of tissue harvest (Uposucdon), Together, they represent a nmel 
and highfy exploitable platform technology. The vision «f being able to offer fiiurm patient navei 
valuable atdologous therapies based on the remove and 'reiyding* of their unwanuA mm fat 
'waste* Is undenhthfyeppeattng to bath patient andpl^fstebm. 
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ABSTRACT 

Many emergiag tivtm t mf u w ii iii a sUatetues ynU benefit from the m of meaM nton^ i. 
lineage stem cells. Ifaman bone macrow^derived mesendiymal stonceUs have been described 
and have been fcund to be t tAim iin r ulaBy uscM for these sualegies. However, die usefiilnMi of 
diese oelb nny be limiled by aevoal issoes oielnding ite mliera* 
manow as well as tfae rarity of the ceDs and die lesuhatt need fin- culture ex|3easioB using 

specific sera lots. We l^potfieflgzBd flat adpoae tissue^ Ifln bone marow.nHy also oontain a 
populaticmofmesodemial-linea« stem cells. SinM adipose tkauekwBi^ 
^ humans in large amounts through the process of B^suction, fettissoe may repi e soM a cBnically 



in 

^ Wedei«Io|M>pedalizedoena]BrpBOoes8hwiedmiqiiestotate 



from electivB commie suncery patieBts and to obtafa a heteroagMoiM fihreM—t-liW p^pitt^^ 
h* ofoelb. We than fiiund that this fifarobbst-iampopafation of cdb, when pla^ 
1^ apiumaiate meda sig)ptem«ntation, was not only abk to diflSsMiriate into nt^ww mlTpocytwiv }nn 
'j^ could also di£Ferentialc into crfia |»oAiging htmm iMtrht, tMrtanginmpa m4 

muhinucleated nuacle cells. In addkion, these freshly harvested filnoblast-fike cells fivm 
lq>o8Dction M also have telomeraae activity, highly suggestive of the stem c^ phcxxOype. 

Because hmian ad^Se tissoe is uniquely eiqjendable, easy to harvest, myj contains cells 
with nmhi-difi&ieutimive potential, we tfaiidi tibat human fit may be aUe to be ^recycled' axal 
may thaefijie play an uBpoitant role in future eme rgin g cell-baaed ther^nes such as tissue 



INTRODUCTION 

Mnqr tissue CQgixieering strategies iiKnpo^ 
Willi some ^ of odb. The ideal ceH with ^adMcfalo seed ttcsetfasaeaigiiiMfgJ 
depends on the tissue or organ desired. However, several general properties are advantageous, 
^lecifieaDy that the eelb are 1) autologoii^ 2) ham nmltiHlifir^^ 

a stanpopifate fiir leoeml of the tissual and 4) ai« easily obtanBMe m dhdcally s^ 
^ lywntitiea , For eagfaecraigiiieaodeniHi-derfved tissues, bcmeaaanow^ 

stem cells have provaiCK pttiiiicuia llyjroinisiiig. Hanaahoneimnmisaiiieaodenialfy 
2 derived tissoe and qaieani to contain a ixnwibtfcM of mesodermriKn^^ 
ik.. v m ^ hematopoietiB stemcelb. Tte^seSabb^ stent cellar can dtffaenUate into 

III ■ • 

,f ftt, bone and cartilaae viien pivm the apprajM mm^ matifa unpp Uwiwwrf—t.^ phcffd in the 

•U qipropriate growth coiditk»aLlThevBaich however, pnfalm 

manow har^ procedure i8paaifiil,parti6iila^oi the postoperative period and alte 

moch as 20-S0ceofb(Mw manow can sa&fy be obtained, on^ 8 fiactkm of the hnveatedcelb 
«0 the stena/jproseaiior cell idwnoQrpe. It haa been estimated tilM 



r are nieseiiclqrinal stem oellsL^ 3 to the rdativclyk>w concent 

in vitro stem cettcjqMnaionstq) is required to obtain clmicaltyuseMimnAen of cdb. TWa ftct 
jHohibits the use of bone nuxrow-derived mesendiynal stemcells ina 'iqjid-tmKarouni' or 
bedside harvest and replacement strategy. Furthennore, to maiitfain these celb in an 

undiffitentiated state, the cmnbersoBBB use of 9edfi6 sera Iota n lequhed.^ 

Like bone manow, adipose tissue fa also nr i wwle i i imlly derived. Howewer, new evidence 
relating to the biplayy of fa lhnAmiiM»iiiiyeii«iij^ p^^^ 



tongtf oonackfed a quiesooit, statfc tissttc^ btt appears to 

angiogenk:,aixlslnictxiral properties. Based on a new ^pieciatkmfi»r this active state aal the 
mesodenmal derivatkaiof fit tissn; welqpotlKsized tbtt ad^oae tissiie may, like bone marrow, 
also coalaiD a popobtion of celb tbat can difftraitiale into nnild^ 

Fal tissue is not onljr an active tissue^ bi< also bas uiiqae practical qoali^ 
enhance its use as a potential source ofcellsfcr tissue engineering. FinmthBstndpohitafiBing 
auiologcns ceils fer tissue e ngin e win g, fit tissue is nmnrtdwd lya^ 
its availabiliQr, rxprmfab ility, and ease of pro mmiBuL Adi^iose tissue b pattmlo^fean^ 

ahvndatthibothaodetyandinthBavcnBBindividnaL Neaify60pcnei«oftliBadultI}S 

«7I 

a populslimcaabeclasBlfiedasbe&igoiferweightorobeae.^ laadditfai^ad^ose^soefaasiio 
W;^ t^»vibiBt^SSpiBw ««i«^Ht Til with itaicmri^ Ri^^ - 

;g 14»i>iiBtioq,iti8«almm&nBri^e>a!ytooliln 

and with mmfanal patiBBt dlsconifcft FhaOly, Kposuction as a tissue haweat proceto 



□ secondary gain of ingiroviag the body habinia ami gl«|» of th^ prt*-*. ^fcfcii — .ir«f ft m 
>5 iVpeaKng donor soniceofceib file the natntt. 

>j) Ouraimwaatoalipwthatapop»datienofcelbconldheol<«ineil<h»m 

v**kA has tfw potential to diflfaratiate into &t,bone^ Furthemwre. ^ 

sought to detennoK if this population of cells eiqscsses the putative stem ceD m^Bto^ 
teioi 



MATERIALS AND METHODS 

CeO Isolation and Cubun 

Iftnnan adqpose tissue was ofatuoed fiom elective Iqmsuction proceduics (ip*10) widi 
approval of appropriste instihitiona! review boards (;aSPQy98-0S41 1-Q2X The fit was thn 



ynsbed tlvee times with aa equal vDhmie of PBS m a s e paitui y ftw^^ O.OSH CoBi^ciBae 
(Sjgma, St Lo4iii» MO) was added to the sample and the mixtuie was agitated at 37*C for 30 
minutes. The solution was tben neutralized with DMEM and FBS and the high-demity fiactbn 
was s e diment ed after eeatrifhgation at l,200lpm fixr 10 min. Hie pelkt was wn ^ i rMffji {q 
DMEM widi Eiytboq^ Lysing Bnfibr and agitated at room tempenouiv Sbr 10 nmaitea. Tim 
samp]e wis ceidrifbged to obtain a pellet, which was tim resu^joided and fittered. inning 100^m 
agfluimBsiL C^wendiBnplatBdandeiilloredQ!|ga«l). 

CeBswcroeukmed in a art: incobatorwidiSHCQi in selected media. Cnltntemedia 
changed twkwweeicfy as indicated. Cells were grown to oonflnence in a basal media 



Q (wMiont specige sam total. wMdi does not promote edlnhg di flfeimiiiMii i n . w ii^i nt^Mtnm^ thg 

M 

!7I oelbwcMSidgectedtoTnedia^w^specfficv^ ,.«-«*a.vn>- 
=f ■ - ■ - 

m 
iv 

A 

a 
m 

using QflR0d-O (Sigma, St Lout^MO^ 

£>niialcal(»i]mpfiorl0 9ta]|iiiig. Staining WBsacamyKahcdhywftAing 



Oil ItoM>: An asseaament of inteacellnlar Kpid drapW aeemmifa fi ff n pif fei ^ipii i i 



iblbwed Iqr CMlRfidrOie^gent fin-S nmB^ 
1 hemaloxylinL 



Yon Koasa: CeO fixation vma accomplished wit)i 4% parafimnddehy de isior to staining. 
Cultorediabcs were rinsed and then coated within 
fiir 45 minutca. After washing with distilled water, they 
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tMosolphate^waahed with dfatilled water, and counter 

picric acid) leagenL Staining was qualitetiv^aDaljmduttler phase ndcnm 



Alkalioe Pho^Mtese: Gelb were steioed accoiding to tlie insert 
Alakaline Phosphatase kit (Sigoia. St U>ui8, MO; P»o^^ 

Assassmem cfAiyogenic Dyffrtntkitian 

Sacedng ftr the pieaenBe of alDBletal nnsde odla/fibe^ 

IMtfijuuedty light ndcsosoopic analysis. Mnade fibers hawe a ndqw and ehanctcmlk 
^ eh>ngBledt naddmicleated a^wn\ h i m o , Farther oonfinnation of tibemyogeniepfaBnotype 
jjii^--: pcTOvniea by r— 



P aittibodxMF-20 (DevelopnKulatQyhridoaaiBaidO na&« i 



In short, cells wen rinsed twice widi phoqphate bttflM saline (PBS), fix^ 
mimrte with cold methanol j-lXTC^ and thwi rinird again with FBS. They wen then incubated 



□ 

1^ inOJKbydraganperaxideinFBSibrSOnifanitei^lblhmedbyhwubutioate 
,g (S|gnia,StUuii^MO)mT-PBS(P!BSwidt03HTa«en2(0lbr30nihBites. Ail«ianovhig 
the gotf senim. ceDs were incubotBd for 1 hoiff m primary antibody (MF-20 hyfaridoma 
si^ieiuaiaul). This was followed by three 1-mimite rinsea withT-FBS and then incubation for 1- 
famv widi goat and-monse IgO coiyngated to blotin (1:250 dilution hi T-FBS; Signal St Ix^ 
hM3). This secondaiy antibody was then zemoved and die cells rinsed as described above. The 
celb wm then hanibated with ezlravidm peroxidase at 1 -.250 dibtion m T-P^ 
(Sigma. St Louis, NfO). After rinsing i^ain. the staining procedure was con^kced by the 
addition of disndnobeazidine tetrshydiocfaloride 0>AB) and hydrogen peroxUe in PBS widi 
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final conceotntioasofOJjiig/iDBl DAB aad 0.015^ Thereactioiiwas 
tenrnniitwt after aevgral mimilieg hy iwnoving Hhm mhtraitm oiwi iiAi;ng yp!^ 

Asstssmem<tfChondrog€iae DyBpartrutatUm 

Fnrdmidrogeiiie ind a cti o n, iaoIatedoellaiMBre plated in nncnnDaas culture. Briefly* 10 
fU of G<»cciitiatBd cdl suspensnn (8 X 10* oeOa/aiO woe plated in 
allowed to attach at JT'C Or two horn. Theq, die remainder ofmedfaww gently added to 
wbBso asnottodetaditheiawioiislypIaledceDa. Cultures were maintained in a basal medk 
thron^a wnd media WM changed twice weekly. Comiol cultures consisted of celb plated in 
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Q MwiHvaBraonanaoensqr. %xaaKC»yKnmvmnamemooifiea^ 
I- 

jj «teplBtliw,WBi5,^s^^^fa^^|^o^ Tliepreaenceafiul&ie*gfc^..j^^ 

i pn,teo«lyca«.in,i.m.«x^det.«u^ 

H 

□ 

•a The TRAP assay was perfiraned as prrvioualy described wfthmin^ 

d TRAP-e»telomenMdetectkmldt<QncorlnB;,Oaidienbnig.MD)wBSusedto 



tehmwase activity. I^Oeted celb were dissolved in IOO|U of IxCHU^ buffer, incubated m 
icefiv30mimitcsandceotrifii8Bd^ 12.000ipmat4'X:fiir3Ominntcs. Thasupcnntmt 
aliqnoled and Wn at .20X fer ibe TIJAP assay and detennination of p^ 
telomerase positive ccD extract (&1b) was used as the positive control and Ae negative control 
was a normdhmnan oral fflTOblast(NHOF)odl line known to not express teloi^^ 

The tetomenae reaction ndxtnre wu created widi 2td of oeU lysate (1.0 of cellnlar 
pxoidnX 48^1 of Ix TRAP reaction bufifer. SO)iM of each deoxyribonicleotide tr^ho^hatc^ 
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0.05|ig of TS primer end-hbded with 20iia of [^^dA^P, IplprinKr mix. and 0.4 unit Taq 
Polymense. tliBfflixtiin\wa8iindMladat30^fo30miiii^ 
aaoplifiedbgrPClL ThePCRprodnrtswewimiBa 12.5%apiidenatiirmgpolyi^ 
IX Tii94M«te EDTA 90 min at 60W. Afler diying tfiB ge^ the signal was det^^ 



RESULTS 



Adijpagmie imHimittallan 

»3 AdipOHlgivedcelb war e reiaudu oblydrivat toward adro «wi 

^ 3>><^90^taadipogBni6nedkbe8aa1ddiowevid^ 

■P Rad-05taaiing.aseariyaB7day»mto<Mltii«.T^ 

»»eased»doMv80K of ceUsconiatDBd multiple lipMvac^ 

^ this point, the ads>ocyte» became sphtticaLlogtcoitt^ 

.3 me(tm3nrace.Inco«ra8t,ttiBpe WMPo fennatkmoflipiddrotJetaind^gai^ 

iO gfownmooaliDl media. 



Ad^[)o.4eRV«d oelb which were giown in oateogenfe medk turned deu^ 
nodules composed of spindle sibapod cells. These nodoles stamed positively for aflcala» 
I^q>hatase aa wefl as fiar the presence of cakafied maim via vnn iCnw «»t»««fc.g (Fjprrff 4), 

Adipo-^lerivedcelligmwn in control media did not slKwaiv evidence of 
afier 6 weeks in cuiture. 
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Myogenle DtfftrtntiatUm 

Mkioacopic analysis levcakd the pftsence of discrete 'patches* of large, elongated ceUs 
with nmltqjiemictei in some ciifturesfitraisevwalpatieii^ Innmmohistochemical staining of 
these cultures were podtive usii^ a mimoclonal antibody directed against iqyosin heavy gtmtp 
O^gured). 



These ctiltmcs revealed the development of dense nodules of rounded ceUs m a 
2 mHlrix. The celb stained poaitiwIyibralladtnBphosFiiB^ 



fft-^^ ^^^^|P>Hi> cmBtam^iim pnaeaem afaamed proteog|ycuB in ttej^^ 



Cell extracts derived from adult adqwse tissue san^Ies were assayed for tdo 



1* 

Furdwnnom, tbe cells exhibited a vounded moxpbotogy typical of chondio^tes; 

IJ1 

I- 

m 

>£ activity by the POl-based TRAP assay (Figure 8). The ccfl extract derived from 
Hd^ cells was used as d»poMtivccontioL\vhkharodnced die cfaan»«^^ 

(TTAGOGhexamersX indicting that telonwase was xesponsiWelbr die reaction. Non^ 
human oral fibroblasts (NHOF)wm used as a negative control as this ceU line has bea 
estabHahed to not coitointdomcniseactivfty.Tefamerase activity was detected ma^^ 
ceOstf kveb that were qualitatively equivaleitf to a known positive keratiDO^ 
Q'fHOK) aad bone marrow-derived mesenchymal stem cells. 



DISCUSSION 

HbUfffcaDy, ad^XMe tissue has beenpereeived as a coOectkin of qideacent lipid filled 

ad^xx9testlntooiilBii»i9pemo|>^ Hb^icw i ecMidf 

oonfiim the acdve and dynamic nature of adipose tissue;. Ad^se tissue^ Atmg h oomposed 

sigmficaitly of mature adipocytes, also containa nauxy otf» cell types incloding picad^x>cyte8. 

MBooth nasde cells, e ndntlifHiil cells and fihwiMarta.7 Sew— 1 tdnAMlwiiAftoimV aWHy 

dlgetf iolact adipoae tiasDc in a inrieQr ^aniiiMl modds prodoea^ 
popuhtioaL 

EnilnyD]D8fcaIIsr,.ad%NbsB tissqe origBaates finm dis nmodera^ layer of the devdopinc 
cmlayD. It 1m been suggested tliat adipocytes arise fion the nniU^otaalUslaB^ 
gives rise to progenitor oefls i n cludi n g bone, muacle; cartilage, and oflMrmeso 
thtoughont the body. Tbe earliest unyotentiBl cell believed to bekH« to the adipoganicline^ 
basbeentennedtheadiploblastandistfaonBhttDheiterivgrfitem m«»vfa~i i^n^^Btrmcclh. 
The ad^toUast Is dimigjbtiD be conmutted to dw adipogenie Eneage a^ 
pread^Mcyte. Pread^xKrytes are fibroUast-like ceOs devoid of iotracelhibr ]q>id bat have tbe 
potentiBltodififerentiateinlomituieadipoqftes. However, Ab exact natne and <fififcnnt&ttive 
potential oftfaeae cell popuhticHis has not been efaicidated. 

Stem cells are inqxMtart not only for tissw engineering but for gcae ther^ q]i>iicatiDns 
and for tl» long term deBvcfyofcells or growth fectorafig the ueatiu e ut ofa variety of 
^SagaAm. Hie conoqit ofa mesodennal-line^ stem cell fiaacxutedfbrsevaal decades 
Obaervaliima by niedenatein in tte eariy 1970a revealed a populatkm of cells in die bone 



3^ 



m 

!V 

t: 



marowdiat had the capacity fir inesodennd Snbseqaentty^C^laBllBtliBr 
refined the methods of iaolatini of a meaodennal-liiieage stem cell, or mesendiyiiial stem cell. 
tasedonboneinanowpRicessmgaiUdantyvadieiitceoiri^ Tbtaee^coaUibea 
becullimeiqnadediisiiigapccieelotsofsea. Suksoiwnlfy, these celh have been shown to 
exhibit a naltHdiiftrBatiBthe 

o^biasl^adq»qrtesandnqiohiaat& The stem ceUpheM^TWBiacent^Keonftinedthwwi^ 
dilmional cbnhig.1 Ftohennore^ specific ceO^MTfi^ 

iatfoii tt> fin; boosb and cartil^ wen aho defined. 

In thb stndjr, we ftond that husnan uKsodBcaiBl-linesee ceib fiom fit afao eiUbM ft 

r able to indooe ostoogenie, cfaondiosaiie; a^ogado» 
mof adipiMinved cdb fiiUmrio^^ 





tototyhnethyhMinhhie and fai i om r lh acfa wage nsed 

with iasoHn and ghiooooitkoida. We feuod that ly 14 days in cuhofe^BeartygO percent of the 
primaqrhunaaceOsdiowedaGcinnnlationoffipiddrapte Thaaeoelb 



tie eaity ftwmalion of anan naihifiical w»k8, which gradually coak^ 
CohBidentally, the ceOs appeared to take on a mm sfdierical sl^ 
cehore flasl^ and float to file surfiwe of fiiB medab 

Osteogeaie diflerrntiation occurred wkh the addition of aaeoriA; «twI ^^^..^1^^^ 
to the cuttnre media. Eariy evidence oftfie secretion ofmhieraliMd matrix was fbnndaflartw 
weeksmvitro. This findmg steadily mcreaaedovw the obsenratkm period such fiiat by si^ 
weela hi vitro file eultnre fiadc was ooveroi widi a cahanm phoaidiate ] 



Many have posmlated that the cbondrogenic and osteogenic lineages are periiq>s two 
di&rent ezx^tnts along the same c ontinunm .^0-^^ From this pei^wctive, our finHlngp 
consistent with pceviouswodc Wbn cultured jpnucrooBSScondftkms to sinnlatetixfa^ 
enwiroiniwitchaiacteistfeofcMtilagc^h^ 

ofcelb and tutrix thai stained poaithicfiirafta&ieplioap^^ j^^^ 
the eaqpwasiBii of aBEBftiB phpartrtiae ia coaairteat with osteo d MiMfaugMAs da wah ipHf nt 
Posithw stainiiig with akiaa bhw of tio«Me« demonstrated the 



The explanalionfe the developmei<ofdcdetd muscle fibers in some of our cukiro 
,3 nn«<IifficukloiiteipRt.llHMeceIb^mnotiiid^ 



ijj obsemdonpiiieallria'^^^ Allkn^il».:;!3- 'H^r^^^ 



mypgenic phenotvpa ia d»iwrf ftr.m a« -t iM fi f ti i niil rmhiyoiife hqnr nloofl withUma. M, 
1^ raitilnge, tendwy tic and has been obtained from iMMenehymal itii-m ^^iiy jypnuffe 

appeaianco of these moacle ceUs from &t have alteniativBcxplaDatknis. Onepossaiility is 
S thrt some &t tiswe spedmeai were '\x>m«Tninatrd" wiflt myoUaata (mypfibcr progenHora) 
^ ^wUch survived ciiltiKeeavaiisbii and sobaeqaent^ Hoivevcr. 

when perfendng lipoauctioiw it would be difiSc^ 

lyosoctiML canmila. Forthcnaore, mypgenie d ifl e iei i liHiiiwi has been noted intaauecnftnrea 
ih>m several pattent«.'<AaallcnMtive hypothesis is thttmw^ 

sabcntaneoiis fit depots in the natural state. Tbooghnomnlly *doinMnif.dieymi^ function ia 
wound healing and rqair when nearby mnscto is damaged. ThbbavpoitedbyRnarietal 
win deiaonalrated the legeoBiatioa of inuaete by progemtori cadBtii« 
marrow > another "filty" dqiot.17 



While (he exhibition of nulti-difieRntiative cqmbility repicsentspenuasive evidence to 
tli0exiitanceofastemceUfiomfattinaal^po8Uctionedfi«,it.iiiMyt Its possible that 

Iqwauctioned to coiitains a poiwihtion of progenitor celb 

celb five variety mesodennal lineages Wehav«yettodefinith«|jrcIoneapopuktiBn<ifoelIs 
and aiww evidence ofnailtipalentiali^fiom that apecifiepopa^^ ItfsabopontibledMt 
there is adedigta eioiati u u pbenomenan attributable Id a iwpuhtion of celb m lipoguctiDn fit 
Utaaturehasafaovrnthatpreed^pocytesorniatereadqi^^ 

^ fibrobb^ccUpopalrthm. HispoasibietfaattfaiBded if& i eMtlBti u n piienomeapncanbe 
caotapolated to a resetting of the diffaentjadvepo^ 

g adIpogBBiediflEbtBntiitiaiv bat also other nmodenn^ 

.e achate with a steaceUsouioefix>nifllcfai,fiaeii^ nerve and naisele, ni^ ate ocenr. Hoisever 

iV givenaiirtechmiineofliposuctioi^itlsveiyiiniiMjrtlaittiHaim 

g <lw unKleaooald be violated during tteproeedme. In senenlli^^ 

J <*«P«»*«of^ fit wbM away fioniflieddn to avoid conlo» insularities toaddhlnitfae 

.JO z^idhyoftiieniasculsrfiscia and the Uunt nature ofte^posoctioneammbt^ onto it V 



onlikelxthatacannnlatlpooaUbeiilacedthronghtteftseiasanvlhvnBiaclBtissufc Another 

ei^^anatioa fiv die eadsteace of stem OT progeniior celb in liposuction fit B that these oei^ 

represent circulating celb that could periiaps origiiiate from^ bov msnow. Ahfaoughthisis 

posBibi^ the ma g nihidcr of djflfetentistfcm evident in vitro sngyaata At the fth^hi^ 

that we obtain fiomlqKMuction&t are in a nuch higher concentiationd^ 

by the theoretic number ofoelb that miglt be ii>uttl in the cireulatavbhw^ In addition. aO of 

the tissue obtained fiom our liposuction procedures were obtained Mdien a vooooostrictive 



convcNind. ^iiKpbrine. ^ applied m tlie subcuta^^ 

Anodxr txpion&m is that Ae oellf are actually pericytes or smooth muscle cells. Pericytes are 
kiio\wi to sunound smaU blood veaseb and have been shown to exhihit ««>wf>y.^ H;flfr>wTrit<«., 
iiivilioaiidiDvivo.I>» W However, a moic compfa explanation wouM ht legufarf tn t-w^Mn 
iimlti>liiieagedififaaitiatioii. We are cuootfljrm the process of detmiiiiii«vrfiellKrperi^lM 
orsnuothnaisckoelbmigtobeiavohwd&itfaenaiki-UDe^ diflfamiiati un process. Bmem; 
iueapeciivg of flie exact nature of the stem or nroBepitar celL the practfa.! tuhmnf ^ ^fnnmj 

fit derived deUs fin cell besed tiasne then^ies is annring. 

Toj 
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TeloniewseactivayhaaicceatlyheeaahmnlDtew^^ 

iV 

i: 

J3 tdonKraseactM^ is finogd la celb^nthnaUgiiaat potential and tiiM 

>i3 proliftrathe potential sudi as nomwl human oral ker^inocytes. Ufa •ma tf tKt i.......,^j» ^ t 

ifl primary fihroWast-nkecelblh>mI^po8uctionedfiit expressed tebmen^ 



stemcdl^ bwie mamnw^darived hema t op ui e tic cells and embryonic stemcella.^* 20 badditioi^ 



fincaidn fibroblasts do not While tbc expression of telomerase does nctt conchisvefy show the 
presence of a AaiHlikB cdl in IqwsiictiDn fii. It M h|gh|r soggesiiveL 

The fijtuTB of engineering mesodermal-derived tissues from axtologous cells is 
pwwnismg. The development of these tissoe enaioeering strateaieawia Merfyfegnfe^ a "»«if ily 
availaUe source of donor eeOa. These oeila are ideally antolotoi^svBilable in hnseipwtitiBa^ 
and have naninalmorfadfty associated wfth their hardest White manow-^^ 
stem celb represeut the only known source of theae cells, we bdieve &at cells from 



liposoctioned M may be a more practical alternative. Irrespective of the nntnp^ "f ♦ Hrsr rvlb, 
tlw sheer vohime and availability makes them an attncti^ 

therqnes. Their autologous nature; muMpotentiality. ease of piocuicui CTt, and the large volumes 
avaiM)to are fri g m'flrnnt advantages to cells harvested hy liposuction. EbvaAnentsaracuncnt^ 
ongoing to drtermine; (1) tfroairfi dihtfcwwl cloniiUL if an ad^pa-dKHt^a^m 
caditihihumanBipos u 6 tfc i n edftttissDe;(2) ifso, wfaatisitSQntologksimibBitytonaaoww 
derived mesencfaymal stem ceOs and (3) the in vivo utility oftine cells fi» tissue engineering. 
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Media 

Conditions 



Contnl 



Ad^ngenie 



GhondiDgeBie 



Additives 



DMEbt lOK FBS, 1% ABAM 



DMEM. lOOoMdeaaunetbasoiie^ lOQnMi 
l(XteiMittdon>etfaacia.aiidmABAM 



insolii^ O^mMIBMX. 



DMEM. 10HFBS,7H Hone Scniix^SV.auckcoiliyoextnMiriO^ 
(knmmrthww m e. 10niMflGP.50iiMAacori»ieaeid.a«i IHABA M 



Mia»inaaatBdmiqaeiiaiBgllMEIylHmP12rlOHF^ 
pcatciUln/stic utuiuycIn 



DMrn^DuOwcco'sinodlSed essential mcxli^ FBS <» fetal bovine senim, ABAM^ 
penlcilHn todinm lOOU/cc + ati e pHMm r cia sulfate lOOpgAal -i- amph itei ^itB b 0.2 5 uoJnA. 



T^l, 
difltacntiHiioil ill vitro. 



I . A method of isolating stromal cells from adipose tissue, said method 
comprising 

a) obtaining adipose tissue bom an ammal, 

b) dissociating said adipose tissue into a suspension comprising aggregated 
cells and separated ccUs comprising stromal cells and red blood cells within 
a s^peniatant, 

c) separathig said ceUs from said supernatant by centiifiiging said 
suq)ensioii until said cells fonn apelleC overlaid by said supernatant, 

d) removing said supernatant from said pellet and resuqiendtng said pellet 
in a physiologically compatible suq)CQ8iQn fhdd, 

e) lysfaig said red blood ceUs to produce debria, 

f) separating said isolated stromal ceUs from said debris and said 

g) plating said isolated stromal cells onto a culture substrate; 

2. The method of claim 1, wherein said stromal cells cooqirise 
mesenchymal stem cells (MSCs). 

3. The method of claim 1 or 2, wherein said animal is a human. 

4 . The metfiod of any of damis 1-3, wherein said adqiose tissue is obtained 
by obtaining raw liposuction efDuoit from an animal, said effluent comprising 
adipose tissue and separating said adipose tissue from the remainder of said 
effluent, 

5. The mediod of any of claims 1-4, wherein said adipose tissue is 
sq«ated by density differential and/or centrifugation from the remainder of said 
effluent. 

6. The method of any of clainis 1-5, wherein said sqnrated adq^ 
is dissociated into said suspension by enzymatic digestion or mechanical 
dissociation. 

7. The method of any of claims 1-6, \^arein said adipose tissue is 
sq»rated from the rraiainder of said efflu«t and dissociated into said suq>ension 
by- 
one or more 

a) providing a system for dissociating tissue having a housing unit having 
one or more CMopartments located therein having a plurality of fluid 
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communicating means between the interior of said compartments and the 
interior of said housmgunit, one or more inlet ports tfiat provide 
conmnmication b^ween the exterior environment and said interior of at 
least one of said compartments and provide means for introducing solutions 
into said interior of at least one of said conq>artments« one of said inlet 
ports having a filter and providing a means for filtered air to enter said 
hou»ng imit, one of said compartments having a means for engaging a 
rotating agitating, or centrifugoticm mechanism, a means for rotating^ 
agitating^ or centrifiiging said compartment^ a heat source, said housmg 
unit having at least one q)erture csdt, a means for controlling the exit of 
eifhimt througli said q)erture. via gravis, positive, or negative 
first receptacle sealably mgaging said housmg unit, and a second 
receptacle wherein said second receptacle is centrifbge-ready and sealably 
engages said houshig unit; 

b) insoting tissue to be <Bssoc i a t ed hito a first of said compartments via 
one of said inlet poorta; 

c) inserting a washing solution into a second of said c ompat t ment s via 
anotiier of said inlet pofts;^; 

d) permitting saijl crashing solution to descend through said phiraUty of 
fluid ccmu nunicating means between said interior of said first of said 
compartments and said interior of said housing unit, tfarougji saidp<»es 
providing for fluid communication between said mterior of said second of 
said conq>artments and said interior of said housing unit, and into said 
second of said ciHnpartments where it interacts with said tissue inserted 
dierein; 

e) placing said means for cmtrolling the exit of dSQufflt through said 
aperture in an open position such thitt said effluent exits the housi^ 
and is collected in said first receptacle; 

0 placing said means for controlling the exit of efOuent thiou^ said 
q>erture in a closed position and disengapng said first receirtacle and 
sealably engaging said second receptacle; 

g) inserting a proteolytic enzyme^ detergent, or chemical^ligestive solution 
into said housing unif^ 

h) heating said proteolytic enzyme solution using said heat source while 
abating, rotating, or centrifuging said second of said compartments within 
said housing unit using said means for agitating rotating or centrifuging 
said second compartmrat and thereby facilitating tissue dissodation; 

i) placing said means for controlling the exit of efOuent throu^ said 
aperture in an open positicm such that effluent exits said housing unit aiul is 
collected in said second receptacle; 
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j) collecting the cell suspension resulting fiom tissue dissociation in said 
second receptacle. 

8. The method of claim 1» ^wherein steps d and care repeated one car more 

times. 

9. The method of any of chums 1-8, wherein said red blood ceils are lysed 
by resuspenifing said pellet within a hypotonic fluid 

10. The mediod of any of claims 1-9, wherein the viabilily of said stromal 
cells is assessed 

IL The method of claim 10» wherein said viability is assessed by tiypan 
blue exchisicHL 



12* The medKxi of claim 1, wherein said strcmial cells are plated at a 
density of about 20,000 cells/cm'. 

' ^ ^ 13. The method ofclaiml, wherein said strcmial ceils are plated^a^^^^ ' 
densi^ of about 40,000 cells/cm'. 

14. The method of claim U wherein said stromal cells are plated at a 
density of about 60,000 cella/cnP. 

15. The method of claim 1, wherein said strcmial cells are plated at a 
density of about 80,000 ceUs/cm'. 

16. The method of claim 1, wherein said stromal cells are plated at a 
density of about 100,000 cells/cm^ 

17. The method of any of claims 1-16^ wherein said plated stromal cells are 
e^qianded by culturing them in a tissue culture medhim. 

18. The method of claim 17, \^dierein said medium comprises DMEM 
and/or Ham's F12 media. 

19. The method of claim 17 or 18, wherein said medium conqirises serum. 

20. The method of any of claims 17-19, wherein said medium comcrises at 
least one antibiotic. 

21. A method of obtaining a genetically-modified stromal cell comprising: 

a) isolating a stromal cell frcmi adipose tissue in accordance with any of 
claims 1-20, and 
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b) exposing said stromal cell to a gene transfer vector comprising a nucleic 
acid including at least one transgene, whereby said nucleic acid is 
introduced into said stromal cell under conditions whereby said at least one 
transgene is expressed within said stitHnal celL 

22. The method ofdaim 21, wherein said gene transfer vector comprises a 
plaanid. 



vmis. 



23. Hie method ofdaim 21, wherein said gene transfer vector cominises a 



24. llie method of claim 23, wfaerem said virus is an adenovirus, an adeno- 
associated vims, a retrovirus, or a heipesvinis. 

25. The method ofanyofdainis 21-24, wherein at least one transgene 
encodes a jnoteiii coofisnring renstance to a toodn. 

ijl 26. A nuthod of (Attaining a transfofmed stromal ceU line con^visfa^ 

'** clami2S,-. - ' ' .. ! . T- :. 

m 

b) expanding said ceU within a medium conqirising said toxin, and 

„ c) passaging cells exhibiting resistance to said toxin. 

Q 27. A method of delivering a transgene to an animal comprising: 

iS a) obtaining a genedcaUy-modified stromal ceU fa accoidance with claima 

21-2S, and 



b) introducing said cell into said animal, such Aat said transgene is 
e^qpressed in vivo. 

^2*. A method of diffeiwitiatingadiposeHierived stem cella^s^ 

conqxrisingi 

a) isolating and expanding stromal cells from adipose tissue in accordance 
with claim 17, and 

b) cuhuring said expanded ceUs in a serum-fiee mc^irfiogenic medmm, 

c) monitcmng said cells to identify morphological differentiation. 

29. The method ofclaim 28, v*crein said moiphogenic medium is an 
adipogmic medium and said cells are monitored identify adipogenic 
differentiation. 
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30. The method of claim 29, wherein said adipogeoic medium camnrises a 
glucocorticoid, insulin, a compound which elevates intraceUular levels of cAMP 
and/or a conqwundvMdi inhibits degradation of cAMP. ' 

3 1 . The method of claim 30, wherein said glucocorticoid is iscrtxityl- 
mediybcanthine, dexamethasme, hydrocoitisone!, or cortisone. 

32. The method of claim 30, wherein said compound ^ch elevates 
intraceUular levels of cAMP is dibutyiyl<AMP, 8-CPT-cAMP (8- 
(4)chlafophenyhfaio>adenostne 3*, 5* cydic monophoqihate; S-fanano-cAMP- 
(fioctanof^-cAMP or Forsicolin. ' 

33. Hie method of daim 30, wherein said substance v/bidt inhibits 
degradatiaaaf cAMP is apho^Aodiesterase Inhibitor. 

34. The method off daim 33, wherein said phosdiodiesterase inhibitar is 
methyl isfrfiutylxanthine, dieoiA}4Une^ cafl^ 

35. The mediodofanyofclaims 2^34 wherein said adipoaenic 
differentiation is monitored by obserVi^ tii 
accumulati<moffaitiaqrtaplaamieUpUdKiplea& - 

«. ^^I!t:^ T^Sl**^ *^ intracytoplasmic lipid dropleU 

are detected by oil red O staining. 

37. Hie method of claim 28, wherein said nunphogenic medium is an 
osteogenic medium and said cells are monitcred identilV osteonenic 
differentiatian. 

38. The method of claim 37, wherein said osteogenic medium oonurises 
oeta-gycerophosphate. ascorbic add and/or dexamethasone. 

39. The method of claim 38, wherein said osteogenic differentiatian is 
momtored by assaying for calcium in the extracelhilar matrix. 

40. The mediod of clahn 38 or 39, wherein said osteogenic difiaentiatiQn 

IS momtofed by observing cells stained positively for alladine phosphatase and 
von Kossa's staining method. 

41 . The method of claim 28, wherein said moiphogenic medium is an 
chOTdrogemc medhmi and said cells are monitoted identify controgenic 
difnaentiatiun. 

42. The metfiodofclaim 41. wherein said chondrogenicmedmm simulates 
a hypoxic environment. 

The method ofdaim 42, wherein said hypoxic environment is 
suniiated by culturing said cells at density. 
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44. The method of claims 42 or 43, wherein said cells are cultured at about 
8 million cells/inl. 

45. The method of any of claims 42-44^ v/hmin said cells are cultured 
using micromass culture technique. 

46. The method of any of claims 42-45, wherein said chondrogenic 
diflferentlatiQn is monitored by assaying for sulfated proteoglycans in the 
extracellular matrix 

47. The method of any of claims 42-46, wherein said chCTdrogenic 
differeotiation is monitored by observing cells stained positively for alkaline 
phophataseandalcianbhieatpHofabout 1. 

48. The mediod of claim 28, wfaerdn said moiphognic medium is an 
myogenic medhmi and said cells are monitiared identity myogenie differaitiatiQiL 

49. The metfiod of claim 48 wherein said myogmic differentiation is 

50. Tlie method of claim 49 wherein said myogenic myosth heavy ctuun is" • 
assayed by immunohistochemical techniques. 

51. The mettiod of any of claims 28-50, wherein said stromal cells are 
mesenchymal stems cells (MSCs). 
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